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PLATE 1 


Lacearia laceata. Hartsville, 8. C. (No. 72), fig. 1. 
Laccaria amethystea. No. 5178, fig. 2. 
Lacearia tortilis. No. 3612, fig. 3. 

Clitoeybe cyathiformis. No. 4934, figs. 4 and 5. 
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No. 3248, fig. 6; No. 3260, fig. 7. 


Clitocybe infundibuliformis, 
No. 3357, fig. 8. 


Clititocybe subnigricans (young plant). 
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PROCEEDINGS OF THE TWENTY-FIRST ANNUAL MEETING 
OF THE NORTH CAROLINA ACADEMY OF SCIENCE 


Hep at CuHapeu Hitz, N. C., May 5 anp 6, 1922 


The Executive Committee met Thursday night at the Faculty 
Club of Trinity College with the following members present: J. L. 
Lake, president, Bert Cunningham, secretary, F. A. Wolf, R. N. Wil- 
son, and H. R. Totten. 

The following recommendations were adopted for presentation to 
the Academy: 

1. That the business meeting of the Academy shall be held on 
Friday afternoon at 4:30. 

2. That a special committee consisting of the president, the editor 
of the ExisHa MircHenL JouRNAL and the secretary be appointed to 
revise and publish the constitution and membership list and consider 
the advisability of adding to this a brief history of the Academy, 
getting the whole out in booklet form for distribution to prospective 
members. 

3. That the fiscal years be changed from January to January to 
October to October so that it may coincide with the A. A. A. S. year, 
and the Elisha Mitchell year. 

4, That the secretary be authorized to discontinue the practice of 
_ placing papers on the program in the order of their arrival, and to 
arrange the program as deemed best in his judgment. 

5. That a loose-leaf system of records and accounts be adopted. 

6. That the old secretary’s book be rebound. 


okt 
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7. That the secretary be authorized to have reprints of the pro- 
ceedings made for distribution to interested parties. 

8. That the Academy pay to the Exvisna MircHeLtt JourRNAL the 
sum of $125.00 for the Journals to the membership rather than the 
$75.00 now paid. The latter price was based upon a membership 
of 100. There are now 163 members. 

The following were then elected to membership: J. F. Dashiell, 
J. F. Daugherty, L. M. Dixon, J. E. Eckert, C. O. Eddy, N. B. 
Foster, E. H. Frothingham, F. A. Grant, F. Haasis, M. L. Hamlin, 
C. H. Higgins, A. L. Hook, C. F. Korstian, W. E. Jordan, E. C. 
Linderman, Mary Lyon, I. H. Manning, A. C. Martin, Bessie Noyes, 
K. B. Patterson, W. L. Porter, R. S. Pritchard, Mrs. J. C. Root, P. O. 
Schallert, F. W. Sherwood, H. G. Smith, 8. C. Smith, J. H. Taylor, 
M. F. Trice, G. W. Vaughn, F. C. Vilbrandt, Ruth Walker, N. F. 
Wilkerson, C. F. Williams, W. T. Wright, L. E. Yocum. 

The following were reported as resigning: J. 8. Downing, H. 
Spencer, M. R. Smith, C. B. Williams. All resignations due to re- 
moval from the state. 

The secretary-treasurer then made a financial report which is 
printed elsewhere. 

The secretary reported the adoption of a policy of notifying mem- 
bers when their titles for papers were received. 

The committee extended the time for Dr. A. Henderson’s paper 
on Hinstein to 45 minutes, and then adjourned to meet Friday at 
2:30. There was no new business presented at the Friday meeting 
of the committee. 

The Academy was called to order Friday morning by President 
Lake and the presentation of papers was begun. After the appoint- 
ment of the following committees the Academy adjourned at 1:20 
for lunch: 

Nominating—C. 8S. Brimley, H. V. Wilson, C. W. Edwards. 

Auditing—W. C. Coker, R. N. Wilson, J. P. Givler. 

Resolutions—W. A. Withers, H. N. Gould, Miss Mary Seymour. 


After lunch many visited the flower show at Davie Hall which 
served as a demonstration for Mr. Totten’s paper, as shown on the 
program. At 3:00 o0’clock the Academy re-convened and the read- 
ing of papers was continued until 5:45 when the Academy adjourned 
until 8:00 p. m. 
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The evening meeting was called to order by the secretary, who 
introduced President Chase of the University who weleomed the 
Academy and spoke a few well-chosen words as to the relation of 
science to daily life. President Lake of the Academy responded and 
then delivered the Presidential Address on ‘‘The Search for the 
Ultimate Atom.’’ This was a timely review of the various discoveries 
which have led to our modern ideas of matter. The Academy then 
ealled for the paper by Mr. C. 8. Brimley—‘‘Twenty Years of the 
North Carolina Academy of Science.’’ This paper was highly ap- 
preciated as it was given by one who has been with the organization 
since its birth. An informal ‘‘get-to-gether’’ was enjoyed after ad- 
journment. 

At nine o’clock Saturday morning the Academy opened with a 
business meeting. Reports of Committees were first called for. 

The Committee on Natural Resource Conservation reported, and 
the Committee was continued. 

The Representative of the Academy on the Council of the Ameri- 
ean Association made a report. 

The Auditing Committee reported the books of the Treasurer as 
satisfactory. 

The Publicity Committee reported some progress, but was some- 
what uncertain as to what was expected of it. After further in- 
struction the committee was continued. 

The Committee on High School Science reported, and the com- 
mittee on the order of the Academy was reorganized as follows: 
Chairman—Bert Cunningham; J. N. Couch, R. N. Wilson, and A. F. 
Roller. 

The Legislative Finance reported no progress. 

The Executive Committee reported and all the recommendations 
shown above were adopted. 

The Treasurer gave a summarized report as follows: 


RECEIPTS 
Saying Acco Lorimer TTGASULGl .. 2 cna. div aoa ss aro ee een ewwes $196.98 
MDT GSttareteva’ ecavesece ate ante sey a,b) © $5.5 Ato do thoi Bis PI ro PSOE 438.79 


$635.77 
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EXPENDITURES 
Current Expenses 5+. «.5.s:ace,0 oie =e niee no altyee el eunla nig este ee eee ema $141.85 
BB. Bo OF Bio. oc soe tc ein o wiard ofaie © ebin ei ano ace 158.00 
$299.85 
Balance Saving Account . «6 i:s'< «c's date bcisineteee Oe ae ee 200.00 
Balance .Check -Aceount. «cic <5: 1 sts. nt010 ee. #etnnean oie ee aio 135.92 
$635.77 


The Academy ordered the Secretary to send the following telegram 
to Dr. E. W. Gudger—‘‘N. C. A. S. in session at the University sends 
you hearty greetings and is glad to report that the treasurer’s bal- 
ance is now $370.00.”’ 

The Resolutions Committee reported as follows: 

The Committee on Resolutions very respectfully recommends the 
adoption of the following: 

1. That the Academy place upon record its appreciation of the 
services of its officers who have arranged such an attractive program 
and secured such a large attendance. 

2. That the thanks of the Academy are due to our gracious hosts 
who have so charmingly entertained its members during the pres- 
ent meeting. 

3. That the Academy dedicate the volume of the Journal of the 
Elisha Mitchell Society containing the report of the Proceedings of 
this meeting to the memory of the late Dr. Charles Baskerville, one 
of its earlier members, one of its very active workers, and at one 
time its President. 

W. A. WITHERS, 
Mary SEYMourR, 
H. N. Gounp. 


The Nominating Committee presented the following for office and 
they were elected by the Academy : 

President—Dr. A. Henderson, University of North Carolina. 

Vice-President—Dr. H. B. Arbuckle, Davidson College. 

Secretary-Treasurer—Dr. Bert Cunningham, Trinity College. 

Executive Committee—Dr. H. N. Gould, Wake Forest, Professor 
J. P. Givler, N. C. College for Women, Dr. B. W. Wells, State College. 

The time for the Annual Mecting was discussed, and was finally 
left in the hands of the Executive Committee as in the past. 
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The invitation to hold the next meeting in Greensboro at the N. C. 
College for Women was announced and accepted. } 

At 11:00 papers were presented to the joint meeting, and at 11:30 
the Chemists and Physicists adjourned to other quarters to hold 
their separate meetings. Their papers are shown on the following 
programs. The last paper was read just before lunch time and the 
Academy adjourned. 


Following is the present membership of the Academy. Those 
marked with an asterisk were present at the meeting. 
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*Rhodes, L. B., Division of Chemistry, N. C. Dept. Agriculture.......... Raleigh 
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Spiele! dou Gc wel. wird Gyan COLO C). cents: eteto cts eee Sebshe pos) a,fel «ls stale. 0 alelwet syaisiars s,s Durham 
*Saville, Thorndike, Asso. Prof. Engineering, Univ. N. C............. Chapel Hill 
*Seymour, Miss Mary F., N. C. College for Women................. Greensboro 
Shaffer, Miss Blanche E., N.C. College for Women................. Greensboro 
Sherrill, Miss Mary L., Mt. Holyoke College.................. S. Hadley, Mass. 
parieee ln Mise) Nine ag SOHO). 166). sence ae de ene sane eka ctees Henderson 
Piice matin his leo bater OOS GS. s cau fe uhtldwicas acallen o% aeciee so vd sewer ve Raleigh 
Sherman, Franklin, Entomologist, N. C. Dept. Agriculture............. Raleigh 
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MMH ee Pie elOW a) UAL ORCONCHE. «.ccopciettvcteleiciaiae aoe) 0%, 0/s\0\s ioe os 0!ey0 Ames, Iowa 
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*Speas, William E., Dept. of Physics, Wake Forest College.......... Wake Forest 
Silos Crm Wage Ely OLONTC Li DOLALOLY{.ajeta cisions. 2 iste) sl cree) due) ow (oor 6) s 6 Washington, D. C. 
*Stuhiman, Otto, Jr., Dept. Physies, Univ. of N. C........0.cesecees Chapel Hill 


*Sullivan, R. W., Chemical Dept., Wake Forest College............. Wake Forest 
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MONA IONS a tinchin Sib bow Fda > Gabe Seah ae ele Winston-Salem 
"Sherwood, F. W., Chemist, Dept. of Agriculture. .......cccscnccccesss Raleigh 
epotn, cl. G., State: Coullere:.; .\.: ici oct owals seo hc ethane eels Bee ene Raleigh 
Tayler, 0. 11., Grad. Student, Trinity College... .. ... 20. tone wae Durham 
Tayler, C, C., State: Oolloge......... <i isis'es Fx sons pd eid ee ae Raleigh 
*Taylor, Haywood, M., Dept. of Chemistry, Univ. of N. C........... Chapel Hill 
Leyes, Ww. F., Wake Forest. College. « 0 nixon kl voitk onl oe Wake Forest 
Thies, O. J., Jr., Dept. of Chemistry, Davidson College............... Davidson 
*Torten, E..B; Dept. of Botany, Univ. .of N..@.; . i). .i. cee eeekieee Chapel Hill 
"nee, 1. E., Btate. College. .....': <.s.cadeethaaewnss.c e See ewan rae Raleigh 
*Vann, H. M., Dept. of Anatomy, Wake Forest College............. Wake Forest 
*Venable, F. P., Kenan Prof. Chemistry, Univ. of N. C.............- Chapel Hill 
“yells, .B.- W,, Depp. of Botany, State Collesesacwsut> 3) bose edet ieee Raleigh 
AWiellawvirs, os. Wi. state Collere Station nuseeeeeen neces. fae eee Raleigh 
*Vaughn, G. W., Asst. Prof. Engineering, Trinity College.............. Durham 
*Vilbrandt, ¥'. C., Prof. Indust. Chemistry, Univ. of N. C............. Chapel Hill 
*Walker, Ruth, Dept. Biology, N. C. College for Women............. Greensboro 
*Wheeler, A. S., Dept. of Chemistry, Univ. Of WiGs sates ae? Chapel Hill 
Wilkerson, N. F., Grad. Asst. Biology, Trinity College................ Durham 
*Williams, C. F., Dept Horticulture, State College..............020000-- Raleigh 
*Wright, W. T., Dept. Physics, N. C. College for Women............ Greensboro 
Wuliee. . ., Btate College Station... 2.4... 2:6 fsabce eee ee eee Raleigh 
Wrallatmea yy die ely, Lao SCHOOL: c).1.)09 iia. ce aes te vee eoteeetaye oe ne eee eee Raleigh 
svar rear aeealas eens eb, \COLLELS... «arse. a<¥a aie, aeeaes oie etree ate ena eee Raleigh 
Walsome Donald ib wstate Oollere .:.'s.ic,<2/e\crsteemyel sate teeters eee ae eae Raleigh 
*Walson, Honry V.,Dept. of Zoology,. Uuivi of Nie. uyads eeu es Chapel Hill 
*Wilson, R. B., Dept. of Biology, Wake Forest College.............. Wake Forest 
*Wilson, R. N., Dept. of Chemistry, Trinity College...................: Durham 
WIDBSLON nettle Gr... INEredith, College <3 a:.1!sic se ereyetern eee ete eters ote Sava el tae Raleigh 
WWAMLLGre is AL ALON COMIC, (7, cis chs jateas falters sls ote ene eee ote Pane aoe anaes Raleigh 
*Withers, W. A., Dept. of Chemistry, State College.....:.............- Raleigh 
"Wolf, F..4., PlantPathology,.State College. 3 iii. wsses ses eet woul Raleigh 
Wright, Miss Eva K., Dept. of Chemistry, N. C. College for Women. .Greensboro 
*Yocum, L. E., Dept. of Biology, N. C. College for Women........... Greensboro 


The following papers were presented : 


The Search for the Ultimate Atom. J. lL. Lake. (Presidential Ad- 
dress.) Historical review of the discoveries leading up to the 
modern ideas of matter. Appears in full in this issue. 


Twenty Years of the North Carolina Academy of Science. C. 8. 
Brimley. Appears in full in this issue. 


Coérdinate Systems in Mathematics. J. W. Lastey, JR. 
Descartes in the seventeenth century furnished mathematicians 
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with the means of attacking geometric situations by means of analysis. 
It is now one of the problems of the mathematician to adapt to a 
problem that particular system of codrdinates best suited to it. In 
trying to do this many kinds of codrdinate systems have arisen. One 
of these, namely homogeneous coordinates, besides possessing marked 
power in itself, includes many of the more frequently used systems 
as particular cases. A detailed and connected account of this system 
is a need keenly felt by students of mathematics. This paper points 
out this need, and suggests lines along which this account may be 
developed. 


A Note on the Pulmonary Circulation in Vertebrates. W. C. GEORGE. 


Some anomalies in the pulmonary veins of man were described. 
Attention was called to the correspondence between the atypical con- 
dition in these anomalies and the typical relations of the vascular 
drainage of the air-bladders of some fishes. 


Notes on Protozoa. Brert CUNNINGHAM. 


The report consisted of two parts. The first was a systematic 
study of the forms occurring near Durham. The following classes 
and orders were observed: 
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Oe Me TR RE ROU Lo een ra ia ai 6 92) a vis ioral Ao 6S abe ou a, 5 veces 6 2 
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No attempt was made to study the Sporozoa. 

The second part was the presentation of a number of 
rare forms which had not yet been identified by the 
writer. Among these rare forms was a species of Tin- 
tinnus observed in the Plankton Collections* of Chesa- 
peake Bay (fig. 1). It bears the characters of the genus, 
with the following specific characters : 

Length 0.275 mm. Diameter 0.05 mm. 

Cylindrical with corrugated constriction near the in- 
terior end; nucleus single. 

It was observed but once in some four hundred ecol- 
lections averaging about 2,000 individuals per collec- 
tion. Found in a bottom collection (23.79 meters) taken 
just off Cape Henry, July 9, 1920. 

eet 
Fic. I 
New Dyes Derived from 5-Chloro-2-amino-p-cymene. A. S. WHEELER 
and I. V. Gigs. 

A new series of dyes was obtained by coupling the diazo salt of 
5-chloro-2-amino-p-eymene with the following compounds: 1, Beta- 
naphthol (dyes wool searlet) ; 2, Alpha-naphthol- (dyes wool claret 
brown) ; 3, Phenol (dyes wool capucine yellow); 4, Salicylie acid 
(dyes wool Mars orange) ; 5, Resoreinol (dyes wool Brazil red); 6, 
Alpha-naphthol-2-sulfonie acid (dyes wool burnt Sienna); 7, Beta- 
naphthol-7-sulfonie acid (dyes wool scarlet); 8, Alpha-naphthol-4- 
sulfonic acid (dyes wool searlet). Silk dyeings show different shades 
from those indicated for wool. 


A ‘‘Nature-Experiment’’ on the Development of Frogs and One on 

the Physiology of Sponges. H. V. Wiuson. 

In an artificially inseminated bateh of eggs of Hyla pickeringii, 
a large number exhibited an abnormality which may with justice be 
reasoned from as if it were the result of a planned experiment. In 
these embryos the tail begins to grow out as a pair of buds at a 
time when the exposed yolk area is so large that in side view it forms 
one-third to one-fourth the total cireumference. Except in the mid- 
dorsal region where the archenteron has an actual aperture there is 


* Collections taken by the U. S. Fisheries for a Biological and Hydrographical Survey 
which is as yet incomplete. 
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only a virtual blastopore lip, that is, laterally and ventrally the 
ectoderm and yolk cells are not set off from one another by a groove. 
This virtual blastopore lip which on the conecrescence hypothesis con- 
tains the material destined to form the axial organs of the embryo, 
gradually closes along the ventral surface of the tail and at the 
posterior end of the body. This fact forms additional evidence for 
the view that concrescence, although it may occur in teratological 
embryos, is not a constant or basic process in the embryogeny of a 
vertebrate body. ; 

The recorded observations on the Phloeodictyine sponges leave 
in doubt the question whether the tubes (fistulae) which project 
from the body carry the currents of water outwards, inwards, or 
perhaps in both directions. A specimen of, Phloeodictyon putridosum 
taken by U. S. Bureau of Fisheries Steamer Albatross, in the Philip- 
pines, seems to answer this question, which no one has yet had the 
opportunity of studying on the living sponge. The specimen referred 
to is spheroidal, 115 mm. in diameter, and bears about forty fistulae 
on its upper and lateral surfaces. Just beneath the natural sur- 
face of the body a caleareous alga, one of the Corallinaceae, of branch- 
ing, filamentous habit, has formed a practically solid calcareous layer 
5 mm. thick. This layer, interrupted only by the fistulae, extends 
all over the sponge body. The interior of the sponge is thus left 
in connection with the surrounding water only through the fistulae, 
which, it is therefore obvious, must conduct currents both inwards 
and outwards. 


The Stems of Grape Hybrids. C. F. WinutAMs. 


A study of transverse and longitudinal sections of mature one- 
year wood of Vitis vinifera, V. rotundifolia and their F, hybrids 
shows the pattern of the phloem tissue and the character of the 
cork cambium to be specific. In V. vinifera the pattern is square in 
outline with alternate tangential layers of hard and soft bast, promi- 
nent cork cambium and a large sclerenchyma bundle externally. The 
rays extend intervascularly without expansion, the open ends acting 
as lenticels. In V. rotundifolia the pattern is triangular, the hard 
bast outlining the soft radially, with a small sclerenchyma bundle 
inside the cork cambium. The rays expand in the vascular region 
by tangential division. Typical lenticels are present and the cork 
cambium inconspicuous. The F, hybrids of this cross show inter- 
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mediate characters of great variation, especially in regard to cork 
cambium, demonstrating that anatomical characters are inherited as 
well as the ones of color, size, weight, ete., usually studied. 


Wild Ferns and Flowers of Chapel Hill. H. R. Torresen. 


The Department of Botany, with the assistance of the classes in 
Botany 1 and 2, brought in wild plants found in flower during the 
first week in May. These were put on display for two days, so that 
the botany. students and others interested in our native plants could 
familiarize themselves with them. One hundred and seventy-one 
plants were displayed in flower. This number includes thirty-four 
naturalized weeds and fourteen escapes. The Virginia Spiderwort 
(Tradescantia virginiana) and the White Bladder Campion (Silene 
alba) have not been previously reported from Chapel Hill. Not 
included in the number given above were several plants not in com- 
plete flower, also twelve ferns and one of the fern allies. 


The Calcium Content of Mixed Feeds in Relation to the Feeding 
Requirement of Animals. J. O. Hatverson and L. M. Nrxon. 


Dr. Forbes and associates of the Ohio Agricultural Experiment 
Station showed that in heavy milking cows there is an actual short- 
age or loss of calcium from the body. Perhaps a higher calcium con- 
tent of mixed feeds for animals under domestication is necessary. 
Concentrated dairy feeds require a somewhat higher, more carefully 
regulated calcium content. The addition to mixed feeds relatively 
low in ealeium of such high caleium-containing substances as alfalfa 
leaf meal, meat, and ground bone to poultry and hog feeds, and beet 
pulp, alfalfa meal, or calcium carbonate to dairy feeds, is a com- 
mendable and beneficial practice. Actual intensive feeding practice 
strengthens this belief. Recent work on the importance of the mineral 
elements in nutrition has shown that they are fundamentally neces- 
sary in the growth of farm animals as well as in the animals of the 
laboratory; that they are as necessary in the ration as is a protein 
of both adequate quality and quantity. 


Studies on Fermentation of Rare Sugars by Plant Pathogenic Bac- 
teria. F,. A. Wor. 
Organisms from the same host may be indistinguishable on the 
basis of their ability to ferment the carbohydrates of the Descriptive 
Chart. The fermentation of rare sugars has, therefore, been used as 
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a means of identification of these closely related organisms. In the 
ease of two leafspot diseases of tobacco commonly designated as wild- 
fire and angular leafspot caused by Bacterium tabaccum and B. 
angulatum respectively, both are able to form acid from dextrose and 
saccharose but not from glycerine and lactose, but the farmer at- 
tacks in addition mannitol and galactose whereas the latter is with- 
out action on them. A similar specialization obtains in the ease of 
two leafspot organisms, Bacterium glycineum and B. sojae from soy- 
bean. This study emphasizes the necessity of employing in phyto- 
pathological studies the rare sugars for diagnostic purposes. 


Pod and Stem Blight of the Soybean. S. G. Lenman. (Read by 
F. A. Wor). 


This disease is capable of causing serious damage to the soybean, 
particularly in wet seasons. It attacks pods, stems, and less fre- 
quently, leaves, but greatest apparent loss results from attacks on 
pods. Very young pods drop off when attacked, but older ones 
remain firmly attached. The causal fungus penetrates the pod wall 
and invades the developing seed. The ocvule may abort at an early 
stage, or, if attacked later in its development, the seed becomes 
shriveled to various degrees depending on the time and severity of 
infection. Seeds in diseased pods are often completely invested with 
a conspicuous white fungus covering. Diseased areas on stems, pods, 
and leaves become specked with minute black fruiting bodies, pyenidia, 
which begin exuding small, hyaline, single celled spores within a 
few days after their appearance. 

The causal fungus is placed in the form genus Phomopsis, and 
in reference to its host, it is assigned the binomial ‘‘ Phomopsis sojae.’’ 
It has been isolated from stems, pods, and seed, and has been ob- 
served to cause the death of seedling soybean plants by growing from 
the seed coat onto the hypocotyl and causing its decay. It over- 
winters in diseased stems and seed. The practice of such sanitary 
measures as plowing under diseased plants after harvest, use of 
disease-free seed, and crop rotation are recommended as control 
measures. 


Variation of Protein Content of Corn. H. B. ArBuckKLE and O. J. 
THIES. 


Appears in full in this issue. 
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Some Phases of Structure and Development of Garden Pea and White 
Sweet Clover Seeds as Related to Hardness. Li. E. Yocum. 


Appears in full in this issue. 


Notes on the Reproduction of Hydra in the Chapel Hill Region. H.S. 
EVERETT. 


Appears in full in this issue. 


Dormancy in Seeds of Persimmon (Diospyros virginiana). H. L. 

BLOMQUIST. 

A preliminary report on an investigation in germinating seeds of 
persimmon, showing that there is a marked period of dormancy under 
both natural and artificial germinating conditions. The length of 
this period has not been definitely determined but seems to extend 
over two to several years, depending upon the physical, chemical, 
and biological conditions of the soil and upon the location of the 
seed and the variation in its structure. The main cause of the delay 
in germination has been found to be due to a layer of the seed 
covering which caps the radicle and exerts a certain amount of 
resistance to the expansion of the embryo and a decrease in water 
absorption. By removing this cap one hundred per cent germina- 
tion was secured with seeds collected in the autumn from mature 
fruit. 


Some Investigations into the Bacteriology of Common Colds and an 
Autogenous Vaccine Therapy for Six Months at Wake Forest Col- 
lege. W.L. Taytor and CHARLES PHILLIPS. 

In the fall of 1921 bacteriological cultures were made from the 
noses or throats of 25 persons having fresh colds. Growth was 
made in dextrose blood broth and on dextrose blood agar plates, re- 
action Ph 7.2, the broth tubes incubated anaerobically and the plate 
aerobically. Incidental saprophytic bacteria were largely ruled out 
by this method. The organisms identified and obtained in pure cul- 
ture were: Staphylococcus albus and aureus, B. Mucosus capsulatus 
(Friedlander), Streptococcus hemolyticus and viridans type, Micro- 
coccus tetragenus and catarrhalis, Pnewmococcus types 2 and 4, B 
influenza, and two strains of Diphtheroids. Several strains of most 
of these were obtained. A polyvalent vaccine of these was made and 
standardized to contain 1000 million per ee. This was given by the 
usual technique hypodermically every 4-5 days in these doses, .25ce, 
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.50ee, .75ee, lee repeated twice, six doses for the whole treatment. 
Of 35 people reporting for doses, only 20 reported with regularity 
allowing tabulation, which was carefully done in detail to check 
claims against actual results. A column of figures in percentages 
shows actual findings. The summary gives several interesting points 
of discussion. Here is a group of common colds, 25 in number, oecur- 
ring in an average college community, and from which were isolated 
10 different organisms of varying pathogenicity. A polyvalent auto- 
genous vaccine made up from these was found to be relatively non- 
toxic in the dosage used in spite of the nature of some of them. In 
treating these cases there was found to be no constant relationship 
between the number of doses taken and freedom from colds during 
the trial period of October to April, 2% getting absolute protection, 
while 70% had one or more colds after the last dose, all living under 
comparable conditions. This is true also for those cultured or not 
cultured, suggesting little if any specificity for the vaccine. Over 
half of those treated claim some benefit from its use, in reduced 
severity of colds contracted and number expected, judging from 
previous experience during these months. Not enough people took 
‘the full six doses, making this group too small to draw conclusions 
from. The attitude of the members of this group towards this vac- 
cine trial is partially shown by 65% of them stating their prob- 
able willingness to try something similar next winter. 


Some Intestinal Cestode and Nematode Parasites of Cats of Wake 
Forest, N. C. R. B. Witson. (Body of the paper accepted as a 
thesis for the M. A. degree, 1922.) 

The writer made at Wake Forest College an examination of the 
intestines of 25 cats for Cestode and Nematode parasites. The report 
gives an account of the material used and the method of study fol- 
lowed. The result of the study can best be given in the form of a 
table showing the relative number of each kind of parasite, as fol- 
lows: 


Number of Cats Taenia cras- Dipylidium Ascaris mystax Anchylostomum Unidentified Nematode 
sicollis caninum trigonocephalum of Large Int. 
25 60 150 106 13 Many 


The unidentified nematode of the large intestine was very small, 
measuring 320 to 432 microns in length by 10 to 19 microns in 
thickness. These worms had the general appearance of larvae, but 
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no intermediate developmental stages were found, and no adult 
worm was found in the alimentary canal from which it could come. 
The investigation of this organism is continuing. 


The Age of the Ocoee and Associated Rocks of Clay County, Alabama. 
W. F. Provury. 


The geological age of many of the rocks occurring in the semi- 
erystalline area in the southern Appalachians has long been in doubt. 
Dr. Safford of Tennessee, in 1856, assigned the Ocoee to the Pots- 
dam Group (Cambrian). Arthur Keith of the U. S. Geological Sur- 
vey, working in portions of Tennessee and North Carolina in more 
recent times, demonstrated the conformity of the Ocoee with the 
fossiiferous Cambrian. In 1903 Dr. Eugene A. Smith of the Alabama 
Geological Survey discovered Carboniferous fossils in a small area 
of the Talladega Phyllites (the unquestioned equivalent of at least 
a part of the Ocoee of Tennessee). 

It fell to the lot of the author to work out the relationship of 
this small fossiliferous area to the associated rocks. This work was 
carried on in the geological mapping of Clay County, Alabama. 

The area in which the Carboniferous fossils occur is considerably 
faulted, but the fault block in which these fossils occur is connected 
with and proves to be conformable to a series of dark slates and con- 
glomerates underlying it with a thickness of several thousand feet. 
From a careful study of the sequence of sediments in this area with 
those in the Coosa and Cahaba Coal Fields, a little to the west, one 
is brought inevitably to the conclusion that the conglomerate of Tal- 
ladega Mountain just to the west of and geologically older than the 
fossil beds is the Millstone Grit of the Pennsylvanian, and that the 
underlying formations for some distance to the west, in the area of 
the Ocoee (Talladega), are of Mississippian age. 

The Hillabee Schist, a metamorphic basie igneous rock, both cuts 
across the strike of the Carboniferous Ocoee and intrudes it, thus 
demonstrating its Post Carboniferous age. A little farther to the 
east in Clay County areas of altered Talladega (Ocoee) of prob- 
able Carboniferous age are intruded by the Pinkneyville granite, 
thus suggesting if not proving their Post Carboniferous age. 

It is thus evident that the Ocoee is a group and that it includes 
rocks varying in age from Cambrian to Pennsylvanian. It is also 
evident that some of the larger areas of green schist in contact with 
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these Ocoee slates are Post Carboniferous, and that some of the 
larger granitic masses to the east of the Ocoee proper are probably 
also of Post Carboniferous age. 


The Variation of the Photoelectric Current With Thickness of Metal. 
Otto STUHLMAN, JR. 


Silver and platinum deposited in the form of transparent and semi- 
transparent wedges were examined for variation of the photoelectric 
eurrent as thickness of the metal was increased. The metal was 
deposited on quartz by the evaporation method and examined when 
monochromatic light fell on the metal side of the plate. 

The results are found to be consistent with the view that the prob- 
ability of an electron going a given distance without losing its ability 
to escape falls off exponentially with the distance, when this distance 
is less than about 40 mm. Up to this thickness there is a parallelism 
between optical absorption and photoelectric emission. For large 
wave-lengths this parallelism is more pronounced than for short wave- 
lengths. For greater wave-lengths optical absorption may increase 
but photoelectric emission decreases terminating at the threshold 
value of photoelectric sensitivity. 

The results seem to support the view that photoelectric emission 
is probably not caused by the absorption of energy out of the inci- 
dent light beam, the light only acting as the agent which sets the 
electron free from its parent atom. 


Geology of the Muscle Shoals Area, Alabama. W. F. Prouty. 
Appears in full in this issue. 


Chemistry in Its Relation to the State Water Supplies. G. F. Catuert. 
Appears in full in this issue. 


The following papers were presented but no abstracts have been 
received : 
The Dipterous Galls of the Hickories. B. W. Weuts. (Lantern). 
Instincts in Social Life. (By title). C. C. Tayor. 


The Effect on Tops of the Wilting of Succulent Vegetables. lL. B. 
RHODES. 


The Polymorphic Genus Clavaria. W. C. COKER. 
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A Review of the Fulgoridae of Eastern North America. Z. P. MEt- 
CALF. 


Striations in Inorganic Solutions. C. M. HEcK. 


A Parasite of the Mediterranean Flour Moth. J. E. Eckert. (Lan- 
tern). 


Spore Discharge in Some Genera of Water Molds. J. N. Coucu. 
_To appear in full in an early issue of this Journal. 


Laboratory Work in Elementary Genetics. C. O. Eppy. 
The Echigo Oil Fields, Japan. Couurer Coss. 
Acoustics of Auditoriums. A. H. PATTERSON. 


A Review of High School Science Teaching. J. N. Coucn. (Lan- 
tern). 


Sand Dunes of Niigata. CoLureR Coss. 


A New Species of Isoachlya. F. A. GRANT. 
To appear in The Saprolegniaceac, a volume by W. C. Coker, to be 


published soon by The University of North Carolina Press. 
DEMONSTRATIONS 
Wild Flower Show. H. R. Torren and the class in Botany 2 


Abnormal Frog Embryo (Hyla pickeringui y with Developed Tail and 
Exposed Yolk. H. V. Winson. 


A Sponge (Phloeodictyon putridosum) with a Shell made up of a 
Parasitic Caleareous Alga. H. V. Wriuson. 


Striations in Inorganic Solutions. C. M. Heck. 


Laboratory Work in Elementary Genetics. C. O. Eppy. 


The following papers were presented to the Physies Section : 


How Einstein’s Theory of Relativity Was Verified. ARCHIBALD 
HENDERSON. 
In this paper, for which forty-five minutes were allowed, the at- 
tempt was made to put into simple terms a précis of the general ideas 
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underlying Hinstein’s theory of universal gravitation. -It was indi- 
cated that the differences in results given by the theories of Newton 
and Einstein are surprisingly small, despite the fact that the theories 
have few points of resemblance, and proceed from totally different 
assumptions. The difficulties of finding natural phenomena which 
will verify Einstein’s theory are very great, but finally three were 
arrived at. These are: the deviation of a ray of light from a recti- 
linear path, or deflected for example by the attraction of the sun; 
the advance in the perihelion of Mercury over a period of a century; 
and the shift of solar light lines to the red end of the spectrum. 

Dr. Henderson sketched in outline the fundamental principles 
of Generalized Relativity, and derived the equation of the curve 
taken by a ray of light. A figure which was exhibited, as well as 
the calculations, showed that the deviation according to Einstein’s 
theory, amounted to 1.74’’.. This figure, which was exactly twice the 
amount given by the Newtonian theory, was verified (within thir- 
teen per cent) by two astronomical expeditions sent out by Great 
Britain during the World War, one to Principe, the other to Sobral. 
Since the time of Leverrier, it has been known that there was a dis- 
erepancy of approximately 43’’ in a century between the actual ad- 
vance of the perihelion of Mercury and the computed value accord- 
ing to the Newtonian theory, even allowing for all the known in- 
fluences. From the equation of the orbit, as computed by the Hin- 
stein theory, and the known values of the constants, it was shown 
that the advance for the perihelion of Mercury came out to be about 
43’’—a most remarkably accurate determination. Last of all, it was 
shown by a simple computation that a ray of light from the sun, 
being of greater wave-length and higher frequency (i.e., redder) 
than a ray from a terrestrial source, would cause a shift of the 
spectral lines an appreciable amount toward the red end of the spec- 
trum. Only quite recently, by isolating the solar ray in a vacuum, 
the French physicist Pérot has shown that the actual shift, for 
eyanogen, affords entirely satisfactory agreement with the value in 
Angstrém units computed according to the Einstein theory. 


Effect of an Electric Field Upon Colloids in Non-conducting Liquids. 
N. B. Foster. 


X-Ray Spectra from Crystals. J. B. DERIEUx. 
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Analysis of Crystal Structure from X-Ray Spectra. A. A. Dixon. 


The Color of Metals by Transmission. Otto StUHLMAN, JR. (Lan- 
tern). 


Use of an Audion Tube as Negative Resistance. D. A. WELLS. 


Problems of Research in North Carolina. (By title.) C. W. Epb- 
WARDS. 


Some Suggestions for the Teaching of Physics. A. H. PATTERSON. 


The following papers were presented to the Chemists: 
Zirconium Ferrocyanide. F. P. VENABLE and R. A. LINEBERRY. 
Zirconium Citrate. F,. P. VENABLE and E. C. MomrHLMANN. 


Modification of the Official Sodium Method. J. O. Hatverson, L. E. 
More@an and J. H. ScHuutz. 


The Determination of Potassium in the Official Sodium Method. J. 0. 
HaAtverson and J. A. SCHULTZ. 


A Modified Thermoregulator. M. L. Hamurn. 
A Convenient Form of Condenser. M. L. Hamu. 


Phenolsulphonphthalein and Some of its Derivatives. W. N. ORN- 
porFF and F.. W. SHERWOOD. 


Binary Systems of Metanitrotoluene and Another Mononitrotoluene. 
J. M. Bey and J. L. McEwen. 


The Nitration of Certain Nitrotoluenes. J. M. Bett and W. B. 
Smoot. 

The Nitration of Orthonitrotoluene. J. M. Betu and H. G. Picker. 

The Chlorination of 2-Amino-p-cymene. A. S. WHEELER and La 
GILEs. 


New Derivatives of 2-Bromo-5-hydroxy-1,4-Naphthoquinone. <A. 8. 
WUEELER and B. Nariman. 
Bert CuNNINGHAM, Secretary. 


PROCEEDINGS OF THE ELISHA MITCHELL SCIENTIFIC 
SOCIETY, OCTOBER 11, 1921, TO JUNE 2, 1922 


250th Mrrtrinc—OcrToser 11, 1921 


CoLuieR Copp—Physiographic Processes in Relation to Harbor De- 
velopment and Harbor Maintenance. 


The observations on which these studies are based have been ex- 
tended over practically the entire northern hemisphere, and the pro- 
cesses considered are here presented merely in outline. The object of 
these studies has been to examine into the physical conditions and 
the physiographic processes that have to do with the formation, pres- 
ervation, and destruction of harbors. The pursuit of this object is 
facilitated by a tentative classification of these sheltered waters, based 
upon the circumstances of their origin; and this leads to an at- 
tempted grouping of those various forms of energy, operating upon 
and within the earth, which tend to improve or to destroy harbors; 
and, lastly, it is purposed to consider to what extent these natural 
processes may be affected by the codperation of man, or by the 
hindrance that he may offer to Nature’s operations. 

The forces at work upon our shorelines include all of those agencies 
for the application of solar energy which are generally described as 
gradational, resulting in the disintegration of rock-masses, and the 
transportation and deposition of detritus. These atmospheric and 
aqueous agents effecting gradation may be considered in the follow- 
ing groups: 1. The work of the atmosphere; 2. Rain and rivers; 
3. Snow and ice; 4. Wind and waves; 5. Tides and currents; 6. Plants 
and animals. A comparison of harbors of sub-aretic regions with 
those of sub-tropical and tropical regions, in essentially similar rocks 
and rock-structures, will at once reveal the interesting fact that har- 
bors owe their chief characteristics to the processes by which they 
have been formed, rather than to the geological formations out of 
which they have been carved. 

Besides the forces of gradation just enumerated, which have to 
do with the application of solar energy, there is another group of 
agents deriving its energy from the earth itself. This comes from 
the slow cooling of the earth’s mass, its warping, and the creeping 
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of its crust, producing the movements of subsidence, elevation, and 
sudden jarring, which take place along the border-line between land 
and sea. Indeed, there is an everlasting see-saw between the land and 
sea taking place along the shoreline, and this profoundly affects all 
harbors. This is especially noticeable on both sides of the North- 
Pacific, and the changes on our Pacific ecoast—especially in Alaska— 
and in Japan, in a single generation, have been so marked as to force 
us to believe that the uniformitarians have overaccentuated the slow 
movement, through all time, of the forces now in operation. The 
modern geologist is forced to recognize that there have been changes— 
sometimes gradual and sometimes sudden—in the intensity and mode 
of action of existing forces. And these changes seem more and 
more marked as wider areas of the earth’s crust have come under 
the scrutiny of the geologist, during the century that has not yet 
elapsed since Sir Charles Lyell made his epoch-marking generaliza- 
tion; but that does not mean that the geologist of today is in any 
sense swinging to the conclusions of the catastrophist. These forces 
bringing about elevation and subsidence are covered by the term 
diastrophism. 

Vulcanism is another of the igneous agencies for the application 
of terrestrial energy, whose work as a harbor-maker, of little im- 
portance in the past, is destined to play an important part in the 
immediate future. Since our own nation has learned that the way 
to national power is over the waves, and our hope is that the con- 
quests of the future will be of a commercial sort, harbors of refuge 
and naval harbors are now seen in a new light, as aids to commerce 
without which the commercial harbor can never grow into a great 
port. Harborage of such a sort is afforded in numerous instances 
where the rim of a voleanie crater has broken down in one or more 
places, and the whole submerged to such an extent that the central 
cavity forms excellent harborage, often of great strategic importance. 
Harbors of this kind are known in nearly all seas; but they have 
hitherto been dismissed with the statement that they have no other 
than a scientific interest, if indeed they are mentioned at all in any 
diseussion of the subject. Fortunately, our own country owns sev- 
eral such harbors in different parts of the Pacific. These and coral- 
reef harbors, which are to be considered in some detail, afford excel- 
lent naval harbors and coaling stations, not only in the Pacific and 
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the Caribbean, but in other parts of the world as well, and the owner- 
ship of such harbors is a matter of immediate and strategic impor- 
tance. 


The classification adopted, tentatively, gives us: 


I. Estuarine harbors, lagoon harbors, delta harbors, formed in 
the main by gradational processes, but in most cases profoundly in- 
fluenced by diastrophic action. 

II. Fjord harbors, moraine-enclosed harbors, indented kame- 
plains, all the product of glacier action. 

III. Crater harbors, coral-reef harbors, and a combination of these 
two, in which the reef, fringing close upon the voleanie rock, has 
profoundly influenced the form and the commercial or strategie value 
of the harbor. 

While the effect of organic life on harbors is generally very great, 
the influence of animal life is not always beneficial; and the influence 
of plants is almost wholly detrimental, leading to the accumulation of 
sediment and the consequent shoaling of water. 

In determining the value of each harbor considered, the geological 
and other physical features of the shore; the strength, direction, 
range, and scour of the tides; the depth of water in the protected 
area; the influence of prevailing and seasonal winds; the angle at 
which the heaviest waves impinge on the coastline and their pound- 
ing on the headlands; the slope of the foreshore; the transportation 
of detritus to the basin and its deposition by the currents; and the 
width and shape of the entrance, have all been taken into account. 
Lastly, the industrial and commercial possibilities of the hinterland 
have often been examined into in an effort to determine whether a 
promising harbor might some day be developed into an important 
port. 


Election of Members: 


The following members of the faculty were elected to Active Mem- 
bership in the Society: Dr. H. B. Anderson, Dr. H. W. Crane, Dr. 
F. C. Vilbrandt, Prof. G. M. Braune, Prof. H. F. J anda, Prof. HE. L. 
Mackie, Mr. C. D. Beers, Mr. J. H. Bradley, Mr. J. F. Daugherty, 
Mr. M. A. Hill, Mr. H. F. Latshaw, Mr. G. W. Smith. 

The following students were elected to Associate Membership : 
From the Department of Botany—J. N. Couch, F. A. Grant, Mrs. 
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W. J. Matherly ; Chemistry—J. A. Bender, C. K. Brooks, F. C. Coch- 
ran, E. W. Constable, H. D. Crockford, E. D. Jennings, J. L. McEwen, 
E. O. Moehlmann, J. L. Mourane, L. V. Phillips, H. G. Pickett, W. B. 
Smoot ; Civil Engineering—J. P. Clawson, L. W. Fischel, N. P. Hayes, 
E. M. Knox, O. E. Martin, L. J. Phipps, J. W. Taylor, J. 8S. Wearn; 
Electrical Engineering—G. T. Finger, J. L. Pressley, R. A. Tillmann, 
R. M. Wearn, D. A. Wells; Geology—E. J. Alexander, H. H. Bullock, 
R. E. L. Carson, C. W. Fowler, H. C. Harris, T. G. Murdock; Mathe- 
matics—J. N. Brand, W. V. Parker ; Medicine—Howard A. Patterson; 
Pharmacy—E. B. Bristow, J. E. Campbell, W. A. Prout; Physies— 
Wade Gardner, C. G. Mauney; Psychology—W. D. Glenn, John H. 
McFadden; Zoology—W. L. Smith. 


251st MEETING—NOVEMBER 8, 1921 


F. P. VENABLE—Isotopes. 


The growth of the idea that the atoms of the elements might be 
dissimilar as to their relative weight was traced through the work 
of Crookes and others and the revelations of radio-aetivity ; the neces- 
sity for assigning a number of elements to the same position in the 
Periodic Table was pointed—hence the need of a new designation, 
namely, isotopes. The physical demonstration of the existence of 
isotopes, the determination of their atomic weight and the relative 
proportions in which they occurred were described, and the close 
agreement with accepted atomic weights noted. The paper appeared 
in full in this Journal, Vol. 37, p. 115. 


W. C. Coker—A Visit to Lapland and to Some Old Herbaria. 


The past summer was spent in Europe in the study of fungi in sev- 
eral of the most important herbaria. About a month was spent (two 
weeks at first and two weeks later) at Kew Gardens, England, in the 
use of the fine library, and in looking over plants sent by our Dr. 
M. A. Curtis to Rev. M. J. Berkeley. Another month, with the ex- 
ception of a short trip to Lapland, was spent in Stockholm, Sweden, 
with daily trips by tram to the massive new Riks Museum, where 
are to be found several fine collections of fungi, notable among them 
being those of the Sydows and that of Bresadola, the latter recently 
bought by the well-known mycologist Lars Romell, a patent lawyer 
by profession and a devoted scientist by instinct, who has deposited 
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it at the museum and made it available for study. The Lapland 
trip was to Abisco, arriving on July 18, about a week too late to see 
the full midnight sun, but there was no darkness and the sun was 
visible for twenty-three hours of the day. The Laps were all living 
in the same primitive fashion, but some of them were well-to-do from 
the profits of their reindeer herds. After a few days in Copenhagen 
and Berlin about a week was spent at the Riks Herbarium at Leiden, 
Holland, where may be found the herbarium of Persoon, one of the 
greatest pioneers in the study of fungi. After several days study at 
the Herbarium of the University of Paris,.at the Jardin des Plantes, 
where one is constantly reminded of the great Lamarck, Kew was 
again visited for two weeks, and the trip ended. 


252nd MreeriIne—DeEceMBeER 13, 1921 


A. S. WHEELER—Research in Progress in Organic Chemistry at the 
Uniwersity of North Carolina. 


A study is being made with Mr. I. V. Giles of the action of 
chlorine upon 2-amino-p-cymene. The constitution of the monochloro- 
derivative has been determined and a series of new dyes has been 
prepared by coupling it up with hydroxy compounds in the benzene 
and naphthalene groups. These dyes are browns and yellows, espe- 
cially adapted to wool. The problem given to Mr. S. C. Smith is 
the constitution of the N,N’, 8,8. 8 -Dichloro-hydroxyethylidene-bis- 
nitranilines, discovered some years ago by Dr. Wheeler. Mr. H. M. 
Taylor is engaged in determining the constitution of bromo-2-amino- 
p-cymene and will seek to prepare new dyes with it. Mr. F. P. 
Brooks is studying the complex reaction between phenylsemicarbazine 
and acetonylacetone, a diketone, The solution of the constitution of 
Oxyjuglone is in the care of Mr. A. P. Sledd. This substance was 
discovered 35 years ago. Mr. B. Naiman is studying the behavior 
of monobromo-5-hydroxy-1,4-naphthoquinone. Mr. T. P. Dawson’s 
work concerned the addition and condensation products of chloral 
with 3-nitro-4-toluidine. To Mr. C. K. Brooks was given the prob- 
lem of the constitution of monobromoamino-p-xylene. Dr. Wheeler 
is working in his own laboratory upon the reaction between phenyl- 
semicarbazine and acetylacetone, having a grant from the Graduate 
School to pay the cost of the raw materials. 
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A. H. Parrerson—The Ether vs. What? 


The older theories of the ether were given, and the various theories 
of light described, with the reasons for and against each. The dif- 
ficulties attendant upon the results of experiments of Airy, Lodge, 
Michelson and Morley, ete., were described, and the newer attempts 
to frame theories to account for all observed facts were presented: 
the wave theory, the ether-storing theory, the Cone-Ray theory and 
the Quantum theory. 

Each of these was examined as to its ability or inability to ex- 
plain Ionization and Photo-electrie effects, Interference effects and 
Quantum relations. In the course of the discussion of the paper 
Einstein’s latest views on the subject were brought out. 


253rd Mrretinc—J  anuary 10, 1922 


G. M. BrauNE—Experimental Determination of Lateral Earth Pres- 
sures. 

The question of finding the correct or approximately correct lateral 
pressures existing in masses of granular material such as earth pres- 
sures against retaining walls or grain in elevators has been studied 
by physicists and engineers for a great many years. 

The problem as occurring most often in engineering structures 
is the active pressure against retaining walls. The correct determi- 
nation of this force affects the design of construction work, involving 
the expenditure of millions of dollars yearly, and therefore a proper 
knowledge as to its correct magnitude is of great economic value. 

C. A. Coulomb, the French physicist and engineer, was probably 
the first one to present a working theory for the determination of 
earth pressures. Rankin, the great English engineer, developed the 
theory on the assumption that the filling material behind the wall 
consisted of an incompressible homogenous granular mass of un- 
limited extent, without cohesion, the particles being held together 
by friction on each other. These assumptions lead to the ellipse of 
stress and make the resultant earth pressure on a vertical surface 
parallel to the top surface. The German engineers have also given 
much study to this problem and some valuable experiments have 
been made by Mueller-Breslau at the Charlottenberg Laboratories. 
In America Major William Cain has contributed more than anyone 
alse in this country, and is considered an authority on the subject. 
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When the writer became connected with the University of Cin- 
cinnati some nine years ago, he decided to construct an earth pres- 
sure machine of such a size that it would reduce the effect of cohesive 
stresses to a minimum. 

The method adopted of obtaining the magnitude of the earth pres- 
sure was to measure the horizontal and vertical components of the 
action of the filling material upon a ‘‘free body.’’ In order to 
earry out this method a wooden wall or gate five feet wide and six 
feet high was constructed which fitted into the open front of a con- 
erete bin five feet wide and nine feet long, six feet high at the front, 
and twelve feet high at the rear. The wall is supported by two 
vertical rods or contact points which rest directly upon Fairbanks’ 
platform scales of two thousand pound capacity. Thus, any vertical 
force acting on the wall is directly transmitted to the scales and is 
registered. The horizontal thrust of the earth against the wall is 
measured by three horizontal struts, one at the top in the center 
of the width and one at each of the lower corners. These struts 
by rocker-arm arrangements transmit the pressure directly to plat- 
form scales of one thousand pound eapacity. From the individual 
seale readings, the amount, direction and point of application of the 
resultant pressure can be computed. 


Method of Operation. Before any filling material is placed in 
the bin the riders are run out on the scale beams so that the beams 
will always be down. The reading on the scales will at all times 
be in excess of the contemplated active earth pressures; the gate is 
prevented from moving into the bin by bearing angles. Then after 
the filling material has been placed in the bin, by moving the riders 
and by allowing the beam to float, we will get active and not passive 
pressures. 


Description of Experiments. The results of the experiments made 
on this machine and tabulated below were made, under the direction 
and supervision of the writer, by Mr. Jacob Feld, a fellow in the 
Civil Engineering Department of the University of Cincinnati. The 
filling material consisted of sand weighing one hundred pounds per 
cubic foot. The angle of natural repose was found to be forty degrees 
and the angle of internal friction thirty-four degrees. The angle of 
friction between the sand and the dry wood of the wall was twenty- 
six degrees. When the wood was wet this angle increased to thirty- 
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one degrees. Readings were taken for every three inches of fill, the 
material being shovelled in horizontal layers. 

The tabulated quantities of these experiments are defined as fol- 
lows: 


h = height of fill, feet; 
P= V H’ + V’, total pressure per foot width; 
H = horizontal component per foot width, pounds; 
V = _ vertical component per foot width, pounds; 
@' = angle of inclination of the resultant from the normal to the back of 
wall; tan @' = V/H; 
x = height of point of application above the base of the wall ee 
x/h = ratio of height of the point of application of the resultant to total 
height of fill; 
H* — theoretical horizontal component from formula H = 4 wh?tan*? (45° — 
1% @); 
w= weight per cu. ft. of filling material; 
@, = angle of natural slope (40 deg., as determined for this material) ; 
H, — same as H, where 
@. — angle of internal friction (34 deg., as determined for this material). 
h P H Vv fill , = H, H, 
1 
2 ft. 62 lbs. 54 lbs. 32 lbs. 30° 50% .425 44]bs. 56 lbs. 
4 242 205 131 32° 50% .358 174 226 
6 545 464 285 31° 30% .365 393 507 


Conclusions—For this case, horizontal fill and vertical wall, the formula 
H =% wh’tan? (45—14 @) may safely be used, if @ is taken as the angle 
of internal friction. For this special case, Coulomb’s and Rankin’s theories give 
the same formula. 


Orto StuHLMAN, JR.—Theory of the Audion and its Application to 
the Wireless Telephone. 


Through the courtesy of the American Telegraph and Telephone 
Company three reels of moving pictures were shown, the first two 
of which illustrated the theory of the audion and the third its ap- 
plication to the wireless telephone. 

Preliminary experiments were shown to illustrate a stream of elec- 
trons and how this same stream of electrons functioned in the case 
of the audion. The subsequent discussion went into details of the 
origin of the discovery and development of the thermionic effect and 
the contributions made by Richardson, his students, and the results 
of recent experiments on the audion as developed by the research 
laboratories of the great electrical manufactories of the country. 
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254th MretiInNc—F'EBRuaARY 14, 1922 


T. F. Hickerson—Transition Spirals for Roads: A New Method. | 
No abstract furnished. 


FRANK C. Vinpranpt—The Manufacture of Beet Sugar. 


Beet sugar, indistinguishable from cane sugar, is obtained from 
a variety of white beet containing from 12-19% sugar. At best, 
however, beet sugar factories obtain but 240 pounds of refined sugar 
per ton of beets sliced. 

Preparations are begun nine months previous to the sugar cam- 
paign to make the ten weeks campaign successful and efficient. The 
agricultural staff oversee the best cultivation to insure good beets 
and eliminate mongrel stock. The engineering staff overhaul the 
entire plant and make the proper repairs and changes. 

In fall the topped, matured beets are transported to the nearby 
factories and stored in bins or sheds in the yards. Each bin is pro- 
vided with a flume which transports the dirty beets through stone, 
sand and trash catchers to the beet-washer. The washed beets, after 
elevation to a picking table to remove decayed beets, are weighed 
and sliced. The v-shaped slices provide for minimum settling of 
the cossettes, minimum rupture of the cells and maximum exposure 
of cell walls through which the diffusion takes place. 

The cossettes are extracted in three and one-half ton batches in 
fourteen diffusion battery cells, three of which at any time are being 
filled, the others in operation. The fresh water meets the most ex- 
hausted cossettes, leaving the battery as concentrated juice in the 
part holding fresh cossettes. Calorizors between each battery main- 
tain the optimum temperature for extraction. 

The exhausted pulp is dumped and pumped to the pulp house 
where a reduction of 12% moisture is effected by means of a wet 
drag, pulp presses, and a furnace. 

The raw juice is limed, carbonated and filtered at least two times 
to reduce the pulp and non-sugars by precipitation, coagulation and 
filtration. The juice also receives a sulfur dioxide treatment to re- 
duce the lime content and color. Calorizors between each set of equip- 
ment maintain the optimum temperature. 

This treated and purified juice is evaporated down in quintuple 
effect evaporators from 10% to 60% solids, treated with sulfur dioxide, 
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filtered and evaporated under vacuum down to grain in the ‘‘A’”’ or 
‘“White’’ pan. The ‘‘strike’’ is then made and the mix centrifuged. 
The resulting ‘‘first swing’’ sugars are washed with steam, dried 
and granulated, the product being the refined white granulated 
beet sugar. 

The first swing of molasses is evaporated to grain in the ‘‘B’’ or 
‘‘Brown’’ pan and dropped into erystallizers, where for 60 to 80 
hours erystal growth is permitted with agitation and slow cooling. 
These erystals are centrifuged from the waste molasses, redissolved 
and introduced into the system of refining to be evaporated down 
with the raw juice and recovered as white sugar. 

Coéperation among the various stations is eminently important 
to reduce loss of sugar in wash and waste water, extraction of un- 
desirable non-sugars and reduction of coal consumption. A loss of 
each 0.03% sugar in any operation in a 100,000 ton beet campaign 
registers a loss of 600 bags of sugar and each 3% additional quantity 
of water to be evaporated increases the daily consumption of coal 10 
tons. 

The hope is expressed that sugar beet culture and beet sugar 
plants may become more extensive to increase our home supply of 
this staple. 


255th MretiInc—FEpBruaArY 25, 1922 


Dr. J. E. Mis, Director of Chemical Research at Edgewood Ar- 
senal.—Chemical Warfare—Methods of Attack and Defense. (By 
invitation ). 

A review of the development of chemical warfare was given and 
special mention made of the following methods: 

Cylinders are used for cloud gas attacks, the cylinders being filled 
principally with chlorine or with mixtures of chlorine and phosgene. 
They are generally installed in the front line and released under suit- 
able wind conditions. 20 tons of gas or even more will be used 
per 1000 yards of front for such an attack. The advantages and dis- 
advantages of this form of attack were discussed. 

Livens projectors are used and installed in special trenches, later 
carefully camouflaged, generally somewhat back of the front line. 
They fire a drum containing 30 pounds of gas and have a range of 
nearly a mile. Thus exceedingly high concentrations of gas can be 
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placed directly upon the target. It is probably the most deadly 
form of gas attack known. The principal gases used in Livens drums 
are phosgene and chlorpicrin. 

The 4’’ Stokes mortar is used for gas, each shell carrying about 
7 pounds. The rate of fire is very high, 10 rounds per minute being 
maintained even at night. The range is approximately 1000 yards. 

All of the above weapons are used by gas troops and have the ad- 
vantage over the Artillery of being able to place very high concen- 
trations of gas upon the objective. As compared with the Artillery 
they have a disadvantage as regards the range of the weapon and 
also as to the accuracy of the weapon. 

The number of gas shell used towards the end of the War was 
very large, amounting in some cases to 50% and even more of the 
total shell used. If the entire War is considered probably not much 
more than 5% of the total shell used were gas shell. Altogether 
the French filled about seventeen million gas shell. Mustard gas 
was by far the most effective gas used by the Artillery. 

Methods of gas defense deal with personal protection, such as 
that afforded by the mask or by protective clothing, and with group 
protection, such as that afforded by gas alarms and protective dug- 
outs. Gas protection is also sought by keeping troops fairly well 
apart or by abandoning gassed areas. 

It is probable that the use of gas combined with aviation will 
greatly change methods of coast defense and naval offense. 


256th Mretinc—Marcu 14, 1922 


H. B. Anvrerson—Spirocheticidal Action of Arsphenamin (Salvar- 
san, ‘*606’’). 

Spirochetes are a class of microscopical organisms which are, al- 
though placed with the Bacteria, very closely related to the Protozoa. 
After the discovery of Spirocheta pallida by Schaudinn, who at first 
classed it with the Protozoa, there were many experiments made to 
determine the spirocheticidal action of various arsenical compounds 
such as had been efficient in the treatment of protozoan diseases. 
Ehrlich discovered a synthetic organic arsenical compound which 
had very pronounced spirocheticidal action. This he called salvar- 
san. Soon after this discovery he placed neo-salvarsan on the market 
too. When the war broke out the allied nations took up the manu- 
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facture of salvarsan and in the United States is was called arsphe- 
namin and neo-arsphenamin. 

The author reports a dark field study of six cases with primary 
lesions and one case with secondary lesions after the administration 
of arsphenamin and neo-arsphenamin. Six of these cases showed an 
absence of live spirochetes in the lesions 48 hours after the administra- 
tion of the drug. One seemed more refractory to arsphenamin and 
did not show complete sterility of the lesion for 8 days after the 
administration of the drug. 


J. F. Dasurett—Measurement of Intelligence in Different Social 

Classes. 

After preliminary discussion of intelligence and its measurement, 
and of the correlation of economic class differences with certain phys- 
ical and mental traits, a brief experimental study was reported. In 
continuation of a study made four years earlier by Chase and Car- 
penter, Dashiell and Glenn made Binet intelligence examinations of 
Chapel Hill children belonging to different social-economic groups. 
The same results were found: a correlation between economic class 
and intelligence level; the country, town, and faculty children show- 
ing respectively low, medium, and high levels. To make sure that 
previous conditions of literacy in the children’s life played no part, 
a series of motor performance tests was given the same subjects. 
Results for the faculty group were still distinctly high, but the 
country children now excelled the town children slightly. Thus, 
the Chapel Hill school population appears divisible into two groups 
on the basis of hereditary family stock, with a subdivision of one 
of these on the basis of environmental opportunity. 


257th Mreetina—Aprin 11, 1922 


ARCHIBALD Henperson—Generalized Relativity and the Three Tests. 

The Newton and Einstein cosmologies were compared in detail, 
using the device of parallel columns. The author then outlined the 
trend of Einstein’s thought in reaching his epochal generalization, 
and showed how the transition was made from the Restricted to the 
Generalized Relativity. In especial, he deseribed the practical mode 
by which Einstein’s theory was tested, and indicated the procedure 
employed in making these tests. In particular he announced that 
news he had just received from Paris that the third test,—the shift 
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toward the red end of the spectrum of rays of light emanating from 
the sun,—had been conclusively established to a very close degree of 
approximation by the eminent French physicist Pérot. 


W. F. Prouty—The Rejuvenated Ocoee. 


J. M. Safford of Tennessee, described the Ocoee in 1856. He then 
classed it as ‘‘Metamorphic’’ and considered it of Pre-Cambrian age, 
but in his report of 1869 he placed this group in the Potsdam (Cam- 
brian). Arthur Keith after careful study of the western portion of 
the Ocoee of Tennessee and North Carolina, confirmed Safford’s cor- 
relation for the western portion and, like Safford, placed the entire 
group in the Cambrian. 

In 1903 Dr. E. A. Smith of Alabama discovered fossils in the 
eastern portion of the Ocoee of that State. These were determined 
by David White to be of Carboniferous age. The working out of the 
relationship of this fossiliferous area to the rest of the Ocoee recently 
fell to the author in the study of Clay County, Alabama. A eare- 
ful study of the structure of the area brings out the fact that a con- 
siderable portion at least of the Ocoee is of Carboniferous age, 
both Mississippian and Pennsylvanian being represented. 

At the present time therefore it is known that the Ocoee Group 
consists of at least three systems of rocks. 


258th MrrtiIne—May 9, 1922 


Wm. DEB. MacNwer—The Changes Induced in the Kidney by the 

Continued Use of Alcohol. 

Dogs were employed in the experiments. The animals were given 
10ce. of 20 per cent alcohol once a day to the point of establishing 
a moderate grade of intoxication. Such a state was shown by muscular 
incodrdination and drowsiness. 

Following such a usage of alcohol the animals develop in from 
seven to eighteen days a well-marked albuminuria. The number of 
tube casts in the urine are few as compared with the quantitative out- 
put of albumin. There is but a slight reduction in the elimination 
of phenolsulphonephthalein. Kidneys from such animals show but 
slight injury to the tubular epithelium. The glomerular capillaries 
show an early and very marked accumulation of stainable lipoid in 
the endothelium. 
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H. V. Wirson—Metschnikoff, Zoologist and Pathologist. 


Elie Metschnikoff (1845-1916) is doubly distinguished in that he 
brought to light a great idea in abstract science and himself carried 
it over and further developed it in a field that is directly concerned 
with the physical welfare of mankind. In the course of Metschnikoft’s 
many, varied, and eminently original studies on the comparative 
embryology of invertebrates, ending with his ‘‘Embryologische 
Studien an Medusen’’ (Wien, 1886), his attention was focussed again 
and again on the wandering, amoeboid cells, which play so important 
a part in the development and physiology of sponges, coelenterates, 
echinoderms and other invertebrates. Correlating the wandering, 
digestive, and protective (Messina, 1882) functions of such cells, he 
asked himself if the leucocytes of vertebrates were not essentially 
similar elements. With this began his famous discoveries in Path- 
ology concerning the direct and indirect action of leucocytes against 
invading bacteria. 


ELECTION OF OFFICERS: 


President—W. F. Prouty. 

Vice-President—Otto Stuhlman. 

Permanent Secretary—J. M. Bell. 

Recording Secretary and Treasurer—H. R. Totten. 

Editorial Committee—W. C. Coker, chairman; J. M. Bell, Collier 
Cobb. 


CALLED MEETING—JUNE 2, 1922 


A meeting was called to consider some appropriate action in recog- 
nition of the late Charles Baskerville. A motion was passed that 
the next number of the JourNAL of the Elisha Mitchell Scientific 
Society (Vol. 38, Nos. 1 & 2) be dedicated to his memory. 


THE SEARCH FOR THE ULTIMATE ATOM* 
By J. L. LaKke 


Just when the belief in a primordial atom originated in the mind 
of man seems difficult to determine. Sometimes it seems like a primal 
notion. The Eneyelopedia Britannica tells us, ‘‘The concept of an 
element as a substance from which all bodies are made or derived 
was held at the very beginning of occidental philosophy.’’ We are 
also told that Thales of Miletus, who immortalized himself by record- 
ing the fact that rubbed amber would attract light bodies, regarded 
water as the element of all things, and that his followers accepted 
his ideas of a primordial substance as the basis of all bodies but 
that they endeavored to determine some other general elements. 

Democritus is regarded as the founder of the atomic theory though 
we are told that traces of .the conception of the grained structure 
of matter are to be found in Indian philosophy perhaps twelve cen- 
turies before the Christian era. As Millikan says of the principles 
of Democritus as given by Tyndall, with a few modifications and 
omissions they might almost pass muster today. Yet though his theory 
was advocated by Epicurus and the Latin poet, Lucretius, the Platonic 
school prevailed, and, as we know, the Aristotelian philosophy domi- 
nated the world of science as well as philosophy till the seventeenth 
century. 

In the time of Boyle and Newton, however, an atomic theory re- 
appeared. We know. how forcefully Newton maintained the cor- 
puscular theory of light. He also regarded gases as consisting of 
small separate particles which repelled one another, and attributed 
to this supposed repulsion between the particles the tendency of 
gases to expand. It was Dalton, however, who resurrected the atomic 
theory and made it a scientific hypothesis to explain experimentally 
determined facts instead of mere speculation. This was about 1803. 
Soon after this Prout published his hypothesis—that hydrogen is the 
primordial atom, that the atoms of all heavier chemical elements 
are built up from it. Von Meyer in his History of Chemistry (1891) 
speaks of the baneful effects of Prout’s hypothesis. He states the 
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hypothesis as follows: ‘‘Hydrogen may be regarded as a primary 
matter from which all other elements are formed by various conden- 
sations.’’? Were he stating the present day belief it is doubtful if 
he could improve on the statement. 

Prout’s hypothesis, however, was based upon inexact determi- 
nations and was unable to stand against the more exact work of 
Berzelius, Stas, and others. But despite the downfall of this hypoth- 
esis the germ idea, the belief in a fundamental, basal substance 
persisted. Von Meyer says that Prout’s hypothesis acted for a long 
time like a ferment, in that it gave rise to continually renewed specu- 
lation upon the connection which existed between the elements and 
their atomic weights. May it not be that the working of this fer- 
ment finally produced the periodic tables of Newlands and Mendeleef ? 
Moreover, does not the table of Mendeleef itself suggest that the 
various elements are complex and not simple? We know that Mende- 
leef predicted the discovery of elements to fill certain blanks in his 
table, and that because of their positions in the table he predicted 
both their chemical and physical properties. Was not the simple 
statement of the periodic law, that the properties of an element are 
periodic functions of its atomic weight, sufficient to warrant the 
belief in an elemental substance? 

The beginning of the new era, which has been so rich in results 
in the search for the primordial-atom, may be said to have its origin 
in the invention of the Crookes tube. The study of gaseous con- 
duction has been a most interesting one for physicists from the time 
of Faraday in the hope that it might reveal the nature of elec- 
tricity. With the advent of the Crookes tube the discharge from the 
negative electrode, the cathode rays, assumed chief importance. While 
notable work was done by many with these tubes preéminence belongs 
to Sir William Crookes, both for results obtained and for the inter- 
pretation of these results. 

Crookes showed that the cathode rays were deflected by a magnet 
as if they were negatively charged particles. That they are such 
was first shown by Perrin and later rigorously by J. J. Thomson. 
From his studies of these cathode rays Crookes was led to announce 
his theory of radiant matter or fourth state of matter, which theory 
no less an authority than the Eneyelopedia Britannica says led to 
the modern electronic theory. 

Crookes’s studies with the tube which bears his name extended 


1922] THE SEARCH FOR THE ULTIMATE ATOM 37 


over a good many years. In 1883 he began the study of the nature 
and constitution of the rare earths. From his studies of the spectra 
of yttrium he concluded that there was an actual splitting up of 
the yttrium into more elementary substances, also he formulated the 
hypothesis that all the elements have resulted from a primary sub- 
stance which he termed protyle. 

Not only directly but also indirectly was the Crookes tube a 
potent factor in the establishment of the electronic theory. It was 
while working with a Crookes tube in 1895 that Roentgen discovered 
the X-rays which have been so efficient as an aid in establishing this 
theory. Becquerel was impressed with the similarity in appearance 
of the phosphorescence produced by X-rays on the glass of the 
vacuum tube and the phosphorescence produced in some ordinary 
substances by sunlight. 

He thought that possibly these would emit radiations similar to 
X-rays. Prompted by this idea, in 1896 a few months after the 
discovery of X-rays he placed several substances wrapped in paper 
beneath a photographic plate. Of these the only one that acted on 
the plate was a salt of uranium. He subsequently found that this 
property of affecting a photographie plate was common to all the 
salts of uranium and that it was possessed by the element itself. 
Moreover, he found that this action was a spontaneous one, that it 
made no difference whether uranium and its compounds were ex- 
posed to sunlight or kept wholly in the dark. This was the begin- 
ning of radioactivity and the study of radioactive substance. In 
this study there have been numerous investigators. Becquerel ex- 


tended his studies further and later found the ratio of a for the 


beta (8) rays of radium and also their velocity. The ratio of a 
he found practically the same as that previously determined by J. J. 
Thomson for cathode rays. He found, however, that they had vary- 
ing velocities some moving much faster than others. These dif- 
ferences in the velocities of the beta (8) rays furnished Kaufmann 
an opportunity to test the electromagnetic theory of mass—that the 
mass of an electron is due, wholly or in part, to the fact that the 
electric charge is in motion. The findings of Kaufmann were entirely 
in harmony with the theory, since = decreased as the speed in- 
creased. 
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The most notable workers in the field of radioactivity have been 
the Curies and Sir Ernest Rutherford. The Curies examined a 
great many elements and their compounds to see whether they had 
the radioactive property of uranium. Thorium was the only ele- 
ment that was found to show the effect in a degree comparable to 
that of uranium. They found that all minerals containing uranium 
or thorium were radioactive but that several specimens of the 
uranium ore, pitchblende, were several times more active than uranium 
itself. Hence they concluded that pitchblende contained some un- 
known substance or substances which were the cause of this activity. 
Inspired by this idea they sought for them in pitchblende, using 
chemical methods. In 1898 their efforts were rewarded by the dis- 
covery of two, which they named polonium and radium, each of 
which is vastly more radioactive than their common parent uranium. 

The story of the successive steps by which the Curies were finally 
led to the discovery of these new elements Fleming characterizes ‘‘one 
of the most fascinating chapters in the history of science.’’ 


In 1899 Rutherford showed that the radiation from uranium was 
complex and consisted of rays easily absorbed, which he called alpha 
(a), and more penetrating rays which he called beta (8). The 
beta (8) rays have been thoroughly studied. While their velocities 
are different for different sources and in the case of radium, as 
already noted, the particles have unequal velocities, in general their 
velocities are greater than the velocities observed for electrons set 
free in vacuum tubes. The swiftest moving beta (8) particles have 
a velocity closely approaching that of light; but that they are elec- 
trons, similar in all respects to the electrons set free in a vacuum 
tube save in velocity alone, seems to be indisputable. 

Rutherford made a thorough study of the alpha (a) particles. 
He showed first that they carried positive charges. Then he deter- 


mined the —— ratio for them and showed that this was only one-half 
m 


the = ratio for hydrogen got in electrolysis. Under the assumption 
of equal charges for the alpha (a) particles and the hydrogen ions, 
the mass of the alpha (a) particle would be twice that of the 
hydrogen ion; but under the assumption of twice the charge, the 
mass would be four times that of the hydrogen ion. In a elassical 
experiment in which every precaution was taken to eliminate any 
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misinterpretation of results Rutherford proved that the spectrum of 
the alpha (a) particles was the spectrum of helium. Thus he clearly 
demonstrated that alpha (a) particles are helium atoms which have 
lost two electrons. 


While still somewhat removed from a complete theory of atomic 
structure, we can assert with positiveness that the atom is a strue- 
ture and, in the case of the heavy atoms, a decidedly complicated 
one. For the light it has thrown on the nature of this structure 
the radioactive compounds have been an invaluable aid. The enor- 
mous velocities with which alpha (a) and beta (8) particles are 
ejected from the nucleus shows the atom is a vast store-house of 
energy. That the thirty odd radioactive substances are the disinte- 
gration products of uranium and thorium, that they are in a constant 
state of disintegration by virtue of forces within the atom, and that 
lead is the final product of disintegration seems now the general con- 
clusion from experimental data. 


The earliest determination of = was made in 1897 by J. J. Thom- 


son and Wiechert independently. Thomson’s first determination was 
for the cathode rays, which Crookes claimed to be negatively charged 
particles. He extended his investigations to the negative ions given 
off by metal plates when exposed to ultra-violet light, also to the 
negative ions produced by an incandescent carbon-filament in an 


atmosphere of hydrogen. He found that the value of SS for these 


was the same in all cases, that it was a constant quantity independent 
of the nature of the gas from which they were produced and of the 
means used to produce them. These were epoch-making experiments 
in the development of the present atomic theory. It was with amaze- 
ment the rank and file of us learned from Thomson that he had dis- 
covered corpuscles whose mass was not greater than one thousandth 
that of the hydrogen atom. The first estimate was subsequently re- 
vised by him to about one eighteen hundredth the hydrogen atom. 
Bucherer’s value, now considered the most accurate, makes the mass 
of the hydrogen atom 1845 times that of the electron, Thomson’s 
corpuscle. These experiments of Thomson’s were followed by many 
others, some performed by himself, others by his pupils, in the develop- 
ment of the electronic theory. In the development of this theory the 
leading role has clearly been played by the Cavendish laboratory, 
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presided over formerly by him and now by his former pupil, Sir 
Ernest Rutherford. Among experiments performed by Thomson 
was one on the canal or positive rays, to which we shall have occasion 
to refer later. We may note in passing, however, that while for 
cathode rays whose velocity does not approach that of light he found 
a equal to 1.7x 108, for the positive rays the greatest value ob- 
served was 104, which is also the value for the hydrogen ions in elee- 
trolysis, thus reénforcing conclusions as to the relative size of the 
electron. 

A series of experiments was performed in the Cavendish labora- 
tory, both by Thomson and his pupils, to determine the value of e, 
the charge carried by the electron. The value of this most im- 
portant physical constant has been determined by Millikan in a 
series of admirably planned and accurately executed experiments 
which extended over several years. His method was an important 
modification of one of the Cavendish laboratory experiments. His 
findings were very concordant, and are accurate to 0.07 of 1 per 
cent; the value obtained by him is now the generally accepted one. 

Rutherford and Geiger devised an electrical method by which 
they could count the number of alpha (@) particles emitted per sec- 
ond by radium. By measuring the charge on the counted number 
they found that each alpha (a) particle carried two positive elee- 
tronie units of charge, a finding in harmony with Rutherford’s spee- 
troscopie work, which showed that alpha (a) particles were helium 
ions. Making use of the rate of emission of alpha (a) particles by 
radium, Rutherford in 1911, with the aid of Geiger and Marsden, 
performed another important experiment. He computed the chance 
that an alpha (a) particle in being shot through thin sheets of 
gold and other metal foils would suffer a given deflection because 
of the positive nuclei of these metals. Most of the alpha (a) par- 
ticles in passing through the foils move in straight lines but some are 
deviated. Rutherford’s theory was that whenever an alpha (a) par- 
ticle passes sufficiently near the nucleus it will be deflected by the 
charge of the nucleus and be deviated. The experiment involved 
finding what fraction of the alpha (a) particles, which were shot 
through the foils, produced scintillation on a sereen at a position 
which corresponded to the computed angle of deflection. From eal- 
culations based on this experiment he concluded that the number of 
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positive electronic charges on the nucleus equals approximately half 
the atomie weight. This was the first experimental determination of 
atomic numbers. The rigorous and exact determination of atomic 
numbers, however, is the work of Mosley. Millikan has character- 
ized his work as one of the most notable pieces of research in the last 
fifty years. In his work Mosley made use of X-rays and the crystal 
erating. 

Barkla had previously discovered that when different elements 
were used as the anti-cathode each gave off X-rays characteristic of 
the element used. The Braggs had shown that crystals, because of 
the regular spacing of their molecules, could be used as reflection grat- 
ings for X-rays, and that by knowing the distance between the mole- 
cular planes and the inclination of the rays to the planes the wave- 
lengths of the rays could be determined. 

Beginning with Al and using the K rays Mosley examined the 
X-ray spectra of most of the heavier elements. He found that in 
passing from the lighter to the heavier elements there was a pro- 
gressive shortening of their wave-lengths, or an increase in their fre- 
quencies. The functional relation established by Mosley between fre- 
quency and atomic number is accurate to the degree that when the 
X-ray spectrum of any element is known its atomic number can 
be determined unequivocally. The work of Mosley has been extended 
by De Broglie and others with modifications of the Mosley method. 
While no X-ray spectra for the ten elements below Na have yet been 
obtained the properties of these elements are so well known we may 
confidently rely on the correctness of the numbers assigned them. 

Since the table starts with hydrogen, 1, and ends with uranium, 
92, with six blanks, it seems that the total number of elements is 
92 and that six of these are yet to be discovered. 


Not only did Mosley’s work substitute a scientifically determined 
table for the empirical table of Mendeleef, but he proved for the 
first time that the physical and chemical properties of an element 
depend upon the nuclear charge. The logical inference from his 
work appears to be that each element differs from the next lower 
by the addition of a definite amount of electricity to the nucleus and 
that this addition causes a corresponding increase in the frequency 
of the characteristic radiation. 

As the result of the experimental determinations of Thomson and 
others the hydrogen ion is considered to be the proton, or positive 
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unit of electricity. In view of the comparative masses of it and the 
electron the atomic weight of an element is considered numerically 
equal to the number of protons in its nucleus. The atomic weight 
of helium is 4. Since its nucleus has been shown by Rutherford to 
be the alpha (a) particle it contains 4 protons. While it has been 
proven by Aston that the mass of the helium atom is not exactly 
four times that of the hydrogen atom, this loss of mass, due to the 
packing effect, is in harmony with the electromagnetic theory of mass. 
That the electromagnetic theory is true, and that the mass of elec- 
tron is wholly electrical, seem established by the experimental find- 
ings of various workers with the beta (8) particles of radium, whose 
velocities range from 0.3 the velocity of light to approximate equality. 
While it has been impossible to apply the same test, variation of 
mass with velocity, to the slower moving positive charges, it seems 
illogical to assume for them another explanation of mass. 

The atomic member, however, is determined by the excess of pro- 
tons over electrons in the nucleus. Hence we see that atomic strue- 
tures may have equal atomic numbers and unequal atomic masses. 
Such bodies were discovered by Rutherford and Soddy in their 
study of the radioactive substances and were named by Soddy isotopes. 

Since the chemical and practically all the physical properties of 
the atom are determined by its atomic number, isotopes cannot be 
separated by chemical methods. The most effective means of sep- 
arating them has been the positive ray method, first devised by Thom- 
son and afterwards modified and improved by Aston. In view of 
the recent lectures here by the last named it is needless for me to 
speak of his method further than to say the determinations from his 
mass-spectra have a very high degree of accuracy. However, I hope 
I may be pardoned for a few remarks about these recently discov- 
ered structures despite the lectures of the distinguished visitor and 
notwithstanding the illuminating paper recently presented before the 
Elisha Mitchell Society by a distinguished authority in chemistry. 

Many, at least, of the fractional atomie weights can be explained 
by the presence of isotopes. Neon, with atomic weight 20.2, has 
two isotopes of mass 20 and 22. The atomic weight can be explained 
by the assumption of its having these isotopes in the ratio of 9 to 1 
respectively. Magnesium with its two isotopes, 24 and 25, and the 
atomic weight 24.32 can be explained by assuming a ratio of 17 to 8 
for the isotopes. 
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If we write our old friend calomel Hg,Cl,, as our chemical friends 
tell us we should, then since Cl has two isotopes and Hg has six 
there is a total of 63 ways in which they can combine. Whether Cl 
and Hg avail themselves of all their privileges I leave it to others 
to decide. Also whether the physiological effects of the different 
combinations of isotopes are identical I leave to our biological friends 
to determine. 

Various theories have been advanced as to the grouping of protons 
and electrons in atomic structures. That the nucleus, save in the case 
of hydrogen alone, contains both protons and electrons with protons 
in excess, and that around this nucleus are grouped electrons equal 
in number to the excess of protons in the nucleus, seem now to be 
agreed upon by all. From Rutherford’s experiment on the scattering 
of alpha (a) particles the radius of the nucleus appears to be of the 
order of 107% of a em., while the radius of the atom is of the order 
of 10° of acm. Hence the electrons constitute what may be termed 
a planetary system, with the positive nucleus as the central sun. 

Of the theories advanced for the arrangement and behavior of 
electrons which will explain the chemical and physical properties 
of atoms, two are of commanding importance. 

The Bohr atom, apparently the outgrowth of the atoms of Thom- 
son and Rutherford, was designed primarily to explain the hydrogen 
atom and the Balmer or visible series of the hydrogen spectrum. The 
fundamental assumption of Bohr, that the electrons rotate around 
the nucleus in non-radiating orbits, or that an electron loses no energy 
while it remains in the same orbit, is in harmony with our theory of 
magnetism and furnishes a satisfactory explanation of the stability 
of the hydrogen atom. The law of force assumed by Bohr for the 
electrons rotating in these non-radiating circular orbits is simply 
the Newtonian law for planetary motion. 

The second assumption of Bohr was that radiation takes place 
only when an electron passes or jumps from a larger to a smaller 
orbit. He assumed that the energy lost in this change is propor- 
tional to the frequency, that it is always one quantum. 

In his energy equation to determine the possible orbits for the 
electron Planck’s constant is again involved. The equation involves 
this constant, the orbital frequency of the electron and an integer; 
the equation is so framed as to make the series of frequencies agree 
with the Balmer series of hydrogen. 
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That the Lyman series for hydrogen is in accord with the Bohr 
atom, although Bohr announced his atom before the series was dis- 
covered, is not remarkable; but the very close agreement between 
the experimentally determined value of the constant in the Balmer 
series and the value of this constant, computed by the Bohr theory, 
is a fact of significance. Numerous other physical facts are in har- 
mony with the Bohr theory. Whether this theory can be so modified 
as to furnish a complete explanation of physical and chemical facts 
remains to be seen. 

The Lewis-Langmuir atom, proposed by Lewis and developed 
greatly by Langmuir, is discussed at length by Langmuir in the 
June number of the Journal of the American Chemical Society, for 
the year 1919. As in the construction of the Bohr atom the predomi- 
nant idea was the explanation of physical phenomena, so in the Lang- 
muir atom the predominant idea was the explanation of chemical 
phenomena. The guiding principle in this construction seems to have 
been that a system in unstable equilibrium tends to pass into one 
of stable equilibrium. Adopting an untechnical classification of the 
chemical element suggested by Mills, we may classify the elements 
as satisfied, unsatisfied, and dissatisfied. The radioactive elements, 
which by ejecting alpha (a) and beta (8) particles are constantly 
changing into other elements and finally end in lead, constitute the 
dissatisfied. The inert gases constitute the satisfied although the 
degree of satisfaction wanes as we pass from helium to niton. The 
atoms between the satisfied constitute the unsatisfied and hence are 
chemically active. 

Between neon, atomic number 10, and argon, atomic number 18, 
lie the seven elements Na, Mg, Al, Si, P, S, Cl. The first three of 
these give up electrons and are electropositive, the last three take 
electrons and are electronegative, while Si, midway between the two, 
avails itself of its double privilege and is sometimes electropositive 
and sometimes electronegative. 

The Rydberg formula for the atomie numbers of the inert gases is 
N=2 (1+ 2? + 2? + 324 32-4 4). In the construction of his 
shells Langmuir states he was guided by this formula. Passing 
through the nucleus of the atom is a plane of symmetry which Lang- 
muir terms the equatorial plane. No electrons lie in this plane. His 
shells, on which lie the external electrons, are approximately spherical. 
The first is for helium and its radius is taken as unity. One elec- 
tron is in each of the hemispherical surfaces called a cell. The elec- 
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tron can vibrate or oscillate in this cell but cannot depart from it. 
The second shell has a radius of two and hence four times the area 
of the first. Since all the cells are equal in area this has a capacity 
for 8 electrons, 4 in each hemisphere, and we have the shell for 
neon. Superposed on this shell is another of approximately equal 
radius and hence of equal capacity. This is the shell of argon. The 
next two shells, one superposed upon the other, have the radius 3, 
henee each can contain 18 electrons and we have the shells for 
krypton and xenon. The next shell with a radius of 4 accommodates 
32 electrons and gives us the shell for niton. 

There can be no electrons in the outer shell till the inner ones 
are completely filled. The atoms with the ‘partially filled shells con- 
stitute the active elements. The tendency of these outside electrons 
to combine so as to form stable configurations constitutes chemical 
action. Quoting from a brief article by Langmuir: ‘‘The 8 electrons 
in the second and third layers are arranged in a symmetrical way 
like the arrangement of the 8 corners of a cube. This stable group 
of 8 electrons is called the Octet. The chemical properties of the 
elements result from the tendency of the individual atoms to take up 
or give up electrons in order to form Octets.’’ 

This theory has been highly successful in explaining chemical phe- 
nomena and, says Langmuir, ‘‘has made it possible to predict cor- 
rectly the properties of certain substances before these properties 
have been determined by experiments.’’ 

The real atom must necessarily incorporate whatever is true in 
both the Bohr and Langmuir atoms. It seems that in all prob- 
ability it may be a compromise between the two. 


WAKE Forsst, N. C. 


TWENTY YEARS OF THE NORTH CAROLINA ACADEMY 
OF SCIENCE 


By C. 8. BrimLEy 


With this meeting (that of 1922), the North Carolina Academy 
of Science closes its twentieth year, and at the request of the secre- 
tary, Dr. Cunningham, I have prepared a brief review of those first 
twenty years of its history. 

No account of its origin has ever been published, the first printed 
records being those of the first regular meeting for the presentation 
of papers at which time the Academy had already been organized 
for over six months. 

The manner of its beginning was in this fashion. W. W. Ashe, 
at that time State Forester, conceived the idea of organizing such 
an institution for the State sometime in 1901, and he communicated 
his thoughts to Franklin Sherman, State Entomologist, and H. H. 
Brimley, Curator of the State Museum, and later on to F. L. Stevens, 
Plant Pathologist at the A. and M. College, and Tait Butler, State 
Veterinarian. These five gentlemen held various conferences and 
discussions, and the idea also spread among the members of the 
Raleigh Biological Society of which Dr. Stevens was president. This 
was mainly during the early part of 1902. 

Finally these five gentlemen sent out a call for a meeting to 
organize a North Carolina Academy of Science, though I am not 
sure whether the call was signed by others or by these five gentle- 
men alone, nor do I remember just to whom the appeal was sent. 
Probably it went mostly to biologists as all the gentlemen inter- 
ested were biologists themselves, and I have a dim recollection of 
some discussion as to whether the attempt should be to form an 
Academy of Science or of Natural Sciences. The former was finally 
decided upon, but I am not at all sure that that decision was reached 
before the call was sent out. 

However, be that as it may, the call was sent and in response to 
it there assembled in Dr. Butler’s office in the State Agricultural 
Building at Raleigh on March 21, 1902, four of the five originators 
(Sherman, H. H. Brimley, Stevens, and Ashe), Dr. Butler being out 
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of town at the time, and five others, namely: W. L. Poteat, Professor 
of Biology at Wake Forest College, T. Gilbert Pearson of Guilford 
College, B. W. Kilgore, State Chemist, J. L. Kesler, Professor of 
Science at the Baptist Female University (now Meredith College), 
and the writer. 

Dr. Stevens presided till the permanent officers were elected and 
Mr. Sherman acted as secretary. Two sessions were held, one in 
the afternoon and one at night. After much discussion it was agreed 
to go ahead with the organization of an Academy of Science, although 
there was a doubt in the minds of some as to whether it might not 
be advisable to wait until a larger representation of the scientists of 
the State could be secured. The majority, however, feared that any 
delay might prove to be permanent and it was decided to proceed 
and organize the Academy at that meeting. 

Consequently the North Carolina Academy of Science was or- 
ganized then and there with a constitution, a full set of officers and 
twelve charter members. The charter members were the five origi- 
nators (Ashe, H. H. Brimley, Sherman, Stevens, and Butler), the 
others present at the meeting (Poteat, Pearson, Kilgore, Kesler, and 
I), and two others (Dr. H. A. Royster of Raleigh, and Dr. H. V. 
Wilson, Professor of Zoology at the University). Of the twelve char- 
ter members, six have retained their membership to the present time, 
the others having with one exception left the State. The first of- 
ficers were: W. L. Poteat, President, T. G. Pearson, Vice-President, 
Franklin Sherman, Secretary. An executive committee was also 
elected, consisting of nine members, including the president and sec- 
retary. It may be added that at first there was some idea that the 
Academy was intended by its founders to be a Raleigh institution 
and for some three or four years the majority of the executive com- 
mittee was from Raleigh as also were the first two secretaries. How- 
ever no such idea was present in the minds of the charter members 
and with the election of Dr. Gudger as secretary in 1907 it finally 
sank into oblivion. 

I should be inclined at this distance of time to give a larger part 
of the credit for the success of the organization meeting to Messrs. 
Poteat, Sherman, and Stevens, than to the other members, although 
I know it is somewhat invidious to discriminate in such matters. 

Twenty regular meetings for the presentation of papers have 
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been held since that memorable day, the first two in the fall, the 
others in the spring. 

Twenty-one presidents have held office, namely: W. L. Poteat 
(Wake Forest College, Zoology), C. W. Edwards (Trinity, Physics), 
Charles Baskerville (University, Chemistry), F. L. Stevens (A. and 
M. College, Botany), J. F. Lanneau (Wake Forest, Astronomy), Col- 
lier Cobb (University, Geology), T. Gilbert Pearson (State Normal, 
Ornithology), Tait Butler (Agricultural Department, Veterinarian), 
W. C. Coker (University, Botany), W. H. Pegram (Trinity, Chem- 
istry), H. V. Wilson (University, Zoology), C. S. Brimley (Raleigh, 
Zoology), Franklin Sherman (Agricultural Department, Entom- 
ology), J. J. Wolfe (Trinity, Botany), A. 8. Wheeler (University, 
Chemistry), F. P. Venable (University, Chemistry), W. A. Withers 
(A. and M. College, Chemistry), E. W. Gudger (State Normal, Zo- 
ology), A. H. Patterson (University, Physics), Z. P. Metcalf (State 
College, Entomology), J. L. Lake (Wake Forest, Physics). 

It will be seen from this list that the University contributed 7 
presidents, Trinity, Wake Forest and the State College, three each, 
the State Agricultural Department and the State Normal College, 
two each, and private life one. As to the branches of science repre- 
sented there were seven chemists representing both organie and in- 
organic chemistry, seven zoologists, (including two entomologists and 
one ornithologist,) three each botanists and physicists, one astron- 
omer, one geologist, and one veterinarian. 

The place of meeting has from the first rotated between Trinity 
College, Wake Forest College, State College, the University and the 
State Normal (now the North Carolina College for Women) usually 
in the order named, there having been five meetings at the State 
College, three at the State Normal and four at each of the other in- 
stitutions. 

The proximity of these five institutions of learning, united to the 
fact that the State Department of Agriculture, Elon College, Guil- 
ford College, and several other smaller institutions fall within the 
same area, is one of the causes that made the existence of a successful 
Academy of Science an accomplished fact in North Carolina. I do 
not wish to minimize the work of those who organized the Academy 
nor of those who have successfully piloted it through its twenty years 
of existence, but if these institutions had been seattered all over the 


1922] Twenty Yuars or THE N. C. AcapEemMy or SCIENCE 49 


State their work would have been much harder and might not have 
succeeded. 

The first meeting at Trinity College was quite a success but the 
second at the University (in the fall of 1903) was rather a frost, only 
two persons outside of the University, the president, Dr. Edwards, 
and I being in evidence on the first day of the meeting, though a 
few more turned up next day. Even the secretary was away in 
Texas attending a cotton boll weevil meeting or convention. Never- 
theless the meeting was by no means a failure and the successful 
meeting at Wake Forest next spring dispelled all doubts as to the 
success of the Academy. 

During its early years, in fact up to 1910, the membership of the 
Academy averaged about forty to fifty, but in that year an inten- 
Sive campaign for new members was put on and the membership 
doubled. Since then the membership has oscillated between seventy 
and eighty but in the last two years has gone well over a hundred and 
shows signs of never again dropping below that number. It may 
be noted here that the campaign for membership was incited by the 
uneasiness of our esteemed secretary, Dr. Gudger, who was easily de- 
pressed by a slight drop in the Academy’s bank balance, which, how- 
ever, never at any time got dangerously low. 

Of the Academy’s hard working secretaries (Franklin Sherman, 
1902-1905, F. L. Stevens, 1905-7, E. W. Gudger, 1907-1918, Bert 
Cunningham, 1918-1919, and 1921-...., and R. W. Leiby, 1919-1921), 
two deserve especial mention, Mr. Sherman who piloted the Academy 
through its first perilous years, and Dr. Gudger who for eleven years 
faithfully sat at the receipt of custom, always with a genial smile, 
always on the job, and always with a nice little balance to the 
Academy’s eredit, though its occasional downward trend invariably 
disturbed his equanimity for the time being. His departure from the 
state was a great loss and he will long be missed by his old associates. 

In its course of existence the Academy has lost quite a number 
of its prominent members, a few by death, more by removal from the 
state. Thus Mr. Ashe and Professor Kesler left the state very 
soon after its organization, Messrs. Stevens, Butler, Baskerville, Pear- 
son, and Gudger, each shortly after the expiration of his presidential 
term. Dr. J. J. Wolfe and Dr. J. 8. Lanneau, both ex-présidents 
and both sturdy pillars of the Academy, as well as Dr. Baskerville 
have died within the past three years. 
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Among those who have been more conspicuous in the Academy 
the following deserve notice: Charles Baskerville, H. V. Wilson, W. C. 
Coker, Collier Cobb, A. H. Patterson, and A. 8. Wheeler of the Uni- 
versity ; C. W. Edwards, J. J. Wolfe, and Bert Cunningham of Trin- 
ity; W. L. Poteat, J. S. Lanneau, and J. L. Lake of Wake Forest; 
T. Gilbert Pearson and E. W. Gudger of the State Normal; F. L. 
Stevens, W. A. Withers, and Z. P. Metcalf of the State College; 
Franklin Sherman, Tait Butler and R. W. Leiby of the State Agri- 
cultural Department. 

In 1904 the annual mecting was held in conjunction with the 
spring meeting of the North Carolina section of the American Chem- 
ical Society, largely through the efforts of Dr. Baskerville, and the 
arrangement has proved so acceptable to both organizations that it 
has been continued, with an occasional lapse, ever since. 


‘‘Behold the field that seemed barren, 
How great a harvest have the years revealed.”’ 


RALEIGH, N. C. 


SOME PHASES IN THE DEVELOPMENT OF CHRYSEMYS 
CINEREA* 


By Bert CUNNINGHAM 
Plates 2-4 


INTRODUCTION 


The egg production, egg-laying habits, nest building, and the de- 
velopment of the embryo through the gastrulation stage in Chrysemys 
cinerea are dealt with in this paper. A satisfactory method of arti- 
ficially incubating the eggs has made it possible to secure consecutive 
stages of development in such numbers that careful study could be 
made of many points which have caused dispute. 

Many details of turtle embryology have been worked out, but there 
has been little collection or unification of these data. Since several 
forms of turtles were used by the various writers, it will be impos- 
sible to limit the discussion of the literature to even a single genus, 
and the contradictory opinions of these writers as to developmental 
history probably resulted from the uses of a variety of forms. 

As early as 1828 Tiedmann published a report upon two eggs of 
Emys amazon. This was followed by the description (exact title 
unknown) of a turtle egg seven days old by Carus in February, 1829. 
In the same year Berthold discussed the absence of the chalaza in the 
ege of Emys. An account of a young egg of Hmys europaea was pub- 
lished by Von Baer in 1834. Three years later he published “‘ Ueber 
Entwicklungsgeschichte der Thiere,’’ Teil II, in which he points out 
the similarity of structure of the eggs of the chick and the turtle, 
and the greater time required for the development of the latter. His 
conclusions were based upon the observations of Carus and Tied- 
mann. He noted also that while the ovary and oviduct of the chick 
is single, that of the turtle is paired. Peters (1838) published an 
article upon a young ‘‘Schildkroete.’’ Rathke, who is often credited 
with the first embryological work on Chelonians, began his contri- 
butions to embryology in 1832 with an account of the ‘‘ Wolffscher’’ 


* The writer wishes to express his appreciation to the Zoological Staff of the Univer- 
sity of Wisconsin, especially to Dr. E. A. Smith, Dr. M. F. Guyer, and Dr. A. S. Pearse 
for helpful suggestions and criticisms. 
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bodies of the turtle. The results of his later investigation were pub- 
lished (1848) under the title ‘‘Entwicklung der Schildkroeten.’’ In 
this work he deals chiefly with gross anatomy of various stages of 
development, especially of the muscles, the carapace, and the ali- 
mentary canal. 

Nothing more of importance appeared on this subject until 1857 
when the classic work of Agassiz was published, which, according to 
Davenport (1898), ‘‘stands today with its many unverified facts as 
an incentive to the reptilian embryologist.’’ Since Agassiz’s time no 
one has attempted to work completely over the field of turtle embry- 
ology, although numerous short articles have been written. 


THE COLLECTION OF MATERIAL 


The materials used in the preparation of this paper were col- 
lected in the vicinity of Madison, Wisconsin. The territory around 
Lake Wingra furnished most of the specimens taken on land. Col- 
lections were made also on Lake Mendota, Lake Monona and on Mud 
Lake. A number of turtles were taken from high land, since the 
object was to capture them when nest building, but the majority 
were caught with dip nets in the water. 

There seems to be considerable confusion as to the synonymy of 
four of the so-called ‘‘species’’ of Chrysemys, viz. Chrysemys margt- 
nata Agassiz; C. bellii Gray; C. cinerea Bonnaterre; and C. picta 
Hermann. Chrysemys cinerea was named by Bonnaterre probably 
between 1790 and 1800. Chrysemys bellii was named by Gray early 
in the nineteenth century, while C. picta was designated as Testudo 
picta by Hermann before 1792. 

Agassiz recognized the validity of all four species. His differ- 
entiation, however, was built largely upon the color pattern which 
may easily be shown to be a false basis. In his description he indi- 
cates that the arrangement of the vertebral plates in C. picta differ- 
entiates it from all other forms. While some of his figures bear out 
this idea, the others do not. An examination of figures 1 to 6 will 
make this clear. Figure 2 is C. marginata while all the other are C. 
picta. The similarity of figures 2 and 5 is so striking in regard to 
vertebral plate arrangement that no one would think of making 
them into two species. Figures 1, 3, and 5 seem to form a graded 
series from the typical C. picta to the typical C. marginata. 

Gadow’s (1901) figure of C. picta (figure 7), is intermediate be- 
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tween figures 1 and 2. Hegner (1916) copies Gadow’s figure. Dit- 
mars (1914) says of OC. marginata ‘‘size and structure of the shell, 
like the preceding (ie., C. picta), differs only in coloration.’’ If 
color pattern were the only difference this form could well be grouped 
as a variety of C. cinerea as will be shown later. However, in his 
text descriptions Ditmars has overlooked the most characteristic dif- 
ference shown in his drawings, (figs. 8 and 9) namely, that in C. 
marginata the neural scutes alternate with the costal. This is not 
true in C. picta. Since there. was no opportunity to examine a large 
number of specimens on this point, it is assumed that this arrange- 
ment of the vertebral plates as indicated by Hermann (see figure 14) 
is sufficient to separate-C. picta from the other species, and that C. 
picta is best represented by this figure. 

Of the three remaining species Ruthven (1912) considers C. 
marginata as synonymous with C. cinerea. He adopted the latter 
specific name on the basis of priority, and thus describes but two 
species, C. cinerea and C. bellii. These two species were separated 
by certain carapace and plastron markings. Applying Ruthven’s 
descriptions to the forms occurring at Madison, the separation of the 
two species was impossible. Carapace markings were examined and 
found to be variable and uncertain, in fact, carapace markings typical 
of C. bellii occurred in animals having a typical C. cinerea plastron, 
and vice versa. The conclusion that these carapace markings are 
no longer of any systematic value was confirmed by communications 
from Ruthven. Differentiation, therefore, must be based wholly upon 
plastron marking. Figs. 15 and 16 are copies of the plastron 
drawings of these two species as shown by Ruthven. The former 
represents C. bellii and the latter, C. cinerea. While there are indi- 
viduals occurring here that have typical belli plastrons, and others 
which have typical cinerca plastrons, individuals have been found 
with plastron markings intermediate between these two ‘‘species.’’ 
More than seven hundred turtles were examined, and practically 
every degree of variation of plastron marking was found, ranging 
from the typical C. oregoniensis, a common species upon the West 
Coast, to a form with considerably less color pattern than that shown 
by Ruthven for C. cinerea. Life size drawings were made (see figs. 
17-24) of eight selected specimens showing some of these variations. 
If plastron markings alone are to be the determining factor, where 
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should the line be drawn to separate these forms into two species? 
Furthermore, females having one type of plastron may produce 
offspring of entirely different markings. Unfortunately, the plastron 
markings of turtle No. 25, from which embryos No. 115 and No. 116 
were secured, is not known; however, these embryos, the plastrons of 
which, drawn to scale, are shown in figures 25 and 26, were taken 
from the same clutch. The former shows a typical C. belli plastron 
while the latter shows the plastron typical of C. cinerea. There were 
two other embryos in this clutch which are not figured; one has a 
plastron marking smaller than that shown in figure 22, while the 
other is intermediate between figures 21 and 22. There is, evidently, 
only one species occurring near Madison, or else there is a hopeless 
hybridization. If the latter be true, it is unaccompanied by any 
partial sterility such as is usually the ease. The relation of these 
color patterns to geographical distribution in Wisconsin has not been 
worked out. In Michigan (Ruthven) C. bellii oceurs in the upper 
peninsula while C. cinerea occurs in the other parts of the state. -It 
would be interesting to find the results in other regions where both 
forms oeceur. It seems probable that in regard to these animals the 
ease is similar to that of the song sparrow. In the central region 
of the distribution we have a mixture of all forms which, west of 
the Mississippi River, grades through bellii into oregoniensis, and 
eastward, into cinerea and possibly into picta. On this basis the 
classification would be Chrysemys cinerea and Chrysemys cinerea 
var. belli. If this classification is adopted or even the rule of priority 
is applied, then the work of Allen (1904-1906) and that of Van 
Alten (1914-16) should be designated as being upon Chrysemys 
cinerea rather than Chrysemys marginata. In this paper the forms 
are designated as Chrysemys cinerea and no effort is made to dif- 
ferentiate the varieties. 

During the collection of the material opportunities were afforded 
to observe the egg-laying habits of this turtle. In 1919 this species 
was found to be laying between June 8 and June 26. One female 
was taken upon high ground June 28, but no nest was found to 
prove that she had just laid. Dissection showed no eggs in the ovi- 
duct. 

Collections during the summer of 1920 gave slightly different re- 
sults. The first turtle taken in oviposition was collected June 8. 
However, the laying time was considerably extended. No turtles 
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were found in oviposition later than June 25th, but as late as July 
7th turtles bearing fully formed eggs were found crushed upon the 
road as they were seeking high ground for laying. This latest ob- 
servation was made by Dr. E. M. Gilbert, but similar previous eases 
were observed by the writer as late as July 1. The latest date previ- 
ously reported for these turtles with eggs is July 1, when Ruthven 
(1910) collected a turtle with ten eggs in the oviduct. 

The eggs are usually deposited during the afternoon or evening. 
One turtle was found packing the hole of the nest at 4:00 p. m., which 
indicates that the work of nest building was begun before noon. 
None were found in oviposition in the morning but a number were 
taken at 4:30 p. m., and a few were just beginning the work of nest 
building as late as 6:00 p. m. 

These turtles select high ground in which to build their nests. 
Sometimes this is a considerable distance from the water or, where 
the banks are high, it may be only the distance of a few feet. Usually 
the ground chosen is hard and dry but a sandy beach may be used. 
The dirt is first moistened with water from the supernumerary bladder. 
*This is shown by the fact that the dirt in the hole and surrounding 
it closely is moist while that farther away is hard and dry. The 
moistened dirt is worked up and thrown out by the hind feet. It 
was impossible to determine whether or not the tail was used in dig- 
ging the hole, as some investigators have reported, since it was al- 
ways either in the hole or turned up under the plastron while the 
work was being done. When the hole has reached a depth of from 
three to four inches a small cave-like excavation is made at one side 
into which the eggs are dropped without any reference to position. 
They frequently are found standing on end but more often they 
are lying on one side. After the last egg has been deposited the 
dirt is pushed loosely around them and the neck of the nest is packed 
with wet dirt which is tamped down with the plastron. The nest 
is then scratched over and is made to resemble the surrounding 


* It was considered desirable to determine whether the great quantity of water found in 
the supernumerary bladder was water removed from the circulation stream or drawn in 
through the cloaca, since the quantity of liquid in the supernumerary bladder increases 
markedly during the laying season and decreases after the laying season is past. While the 
evidence on this point is incomplete, it is thought best to present it at this time. The urine 
from five turtles was centrifuged and microscopically examined, and since neither diatoms, 
green algae or protozoa were found, it is doubtful if this is other than excreted water. 
Chemical examinations were made to determine the percentage of nitrogen compounds in 
the urine. It was found, in the summer, to be .00055%.. Materials for fall determination 
were lost in transit. 
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ground so closely that it is difficult to find, especially after the place 
has become dry. 

In the beginning it was deemed best to allow the eggs to incubate 
under normal conditions. A plan of marking the nests with stakes 
was adopted. Soon it was found that these nests and many others 
were opened by some animal, or animals, and the contents of the 
eggs consumed. Nests were frequently found where the empty shells 
had been replaced and covered over with loose dirt and sticks. Be- 
cause of this, the plan of marking the nests was abandoned and all 
the eggs were brought into the laboratory for artificial incubation. 

In the chick the eggs are so produced that they mature at con- 
secutive intervals of time, approximately from twenty-four to forty- 
eight hours apart, and are laid individually from day to day over a 
considerable period. An examination of the ovary of the chick shows 
a graded series of the eggs from the smallest ovarian egg up through 
sizes to those with fully developed yolks just ready to be shed from 
the ovary. In Chelydra serpentina this is not the case. Here, where 
a large number of ‘eggs are to be fertilized and laid a brief period 
of time, are found two types of eggs: the small ovarian egg and 
the mature egg which is ready to receive the white. The mature 
eges of C. serpentina are evidently developed simultaneously from the 
ovarian egg in the season. In Chrysemys cinerea, however, a much 
greater period of time is required to build up the mature egg, pos- 
sibly four years, since, according to size, the eggs usually occur in 
four groups. The largest group is composed of eggs the yolks of 
which are nearly as large as those in fully developed eggs. The sec- 
ond group contains eggs about half as large as the first and the other 
groups of eggs decrease in size correspondingly. Agassiz noted this 
fact in C. picta and he assumed that it takes four years for the egg to 
reach the stage where it is ready to receive the white. He stated also 
that the number of eggs of a given size must represent the number 
of eggs in a clutch laid by the species. This latter statement seemed 
a valid assumption but present evidence from Chrysemys cinerea 
shows it to be doubtful. Although specimens were dissected which 
contained but one egg of a given size, many had groups of two or 
three eggs. Since never fewer than four eggs were found in the 
nest or the oviduct of the turtles examined, it would appear that the 
small eggs may mature rapidly. 


1922] PHASES IN THE DEVELOPMENT OF CHRYSEMYS CINEREA 57 


The eggs deposited by different individuals vary in number from 
four to fourteen, with an average of seven. Inasmuch as the size 
of a turtle is an indicator of its age, comparisons were made to deter- 
mine whether there is any relation between the age of the turtle and 
the number of eggs laid. No definite relation is apparent if isolated 
eases be studied but when the average production of the various 
sizes is taken a gradual increase in egg number occurs with in- 
creasing size, as is shown in the following table: 


Length mm. No. of Individuals. Av. of Eggs. 

130 al 5 

135 1 6 

140 13 6.38 
145 10 fet 
150 5 9 

155 10 ; 9.4 
160 10 9.9 
165 4 10.5 
170 2 13.5 


The size at which turtles begin to lay is not at all uniform. In 
C. picta, Agassiz states that copulation begins about the seventh 
year and egg-laying about the eleventh, or at the time that the tur- 
tle has reached 80 mm. in length. He estimates that other species 
begin to lay when from eleven to fourteen years of age. Newman 
(1906) says of Graptemys, that he has never found one nesting when 
less than 190 mm. in length, or when about fourteen years of age. 
In C. cinerea nesting may begin when the carapace length is only 
130 mm.; but oviposition may be delayed until after the length is — 
150 mm. In the case of one specimen, 187 mm. long, an examination 
of the ovary revealed the presence of only very small eggs, indi- 
cating that the turtle would not lay within a couple of years. This 
ease may have been abnormal. 

In some species it is possible to determine the age of turtles by 
the growth rings on the dorsal plates, much as the age of the fish 
is determined by the growth rings upon the scales. This method 
is not applicable to C. cinerea since in this species no growth rings 
are evident. Agassiz noted these rings on some species which he 
does not name and used a novel method of calculation. Forms in 
which the rings occurred were measured and from the number of 
growth rings he determined the age. This standard of measure- 
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ment was then applied to species in which growth rings were not 
evident and the age was determined by measuring the length. It 
seems possible that this calculation proved satisfactory for C. picta, 
since Agassiz held this species under observation for ten years. By 
this method he determined that egg-laying begins about the eleventh 
year in C. picta, or when the turtle has reached a length of 80 mm. 
On the basis suggested by Agassiz, a specimen of C. cinerea, 130 mm. 
in length, would be considerably over twenty-five years of age. The 
great majority, which begin laying when the carapace length is 150 
mm., would be very old. In fact, Agassiz cites one case of C. belli 
as being ‘‘very old’’ with a carapace length of 155 mm. 

Through the kindness of Dr. A. 8. Pearse, we have been able to 
secure some data as to the growth in C. cinerea. For the past few 
years turtles have been caught, measured, tagged, and then returned 
to Lake Mendota. Two such turtles which were caught and tagged 
August 6, 1917, were again taken on September 12, 1919. Two others 
that had been tagged September 24, 1919, were taken again; one on 
May 8, 1920, and the other on June 6, 1920. The data concerning 
these four turtles is given in the accompanying table: 


Date tagged. Date retaken. Interim. Size a Size b Increase. 
Aug. 6,1917 Sept. 12, 1919. 21S 06: 130 mm. 138 mm. 8mm 
Aug. 6,1917  Sept.12,1919. 2,1,6. 130mm. 137mm. 7mm 
Sept. 24,1919 May 8,1920.  0,8,14. 91mm. 92mm. 1mm 
Sept. 24,1919 June 6, 1920. 0,9,12. 66 mm. 70 mm. 4mm 


While these data are insufficient, it has been used as a basis and it 
has been calculated that a turtle measuring 130 mm. in length would 
be from eleven to fifteen years of age. If this be true, even approxi- 
mately, then there is a difference in the growth rate of C. picta and 
C. cinerea. 

The relation of the length of the turtle to the beginning of egg- 
laying, based upon the data of 1919 is shown in the accompanying 
table: 


Length. 115 130 1385 1388 140 145 150 187 
mm. mm. mm. mm. mm. mm, mm. mm. 

Total No. of specimens.......... 4 + 4 5 6 8 ae ee 
No. with small eggs present..... a Bore fe) 1 + 
Large eggs present but 

would not lay in 1920........ .. is se ee “S 2 uf 
No. that would lay in 1920...... .. 1 A ks. er 2 
No. having eggs in oviduct...... .. “ue 3 1 4 3 : 
No. taken On Nest... 0665 cesweeie os iy Fas wis 1 5 


* Specimens of this size with no eggs found in oviduct. 
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From present evidence it appears that there is also a considerable 
difference in growth rate between the males and the females of C. 
cinerea. The average size of the males taken during the two summers 
was 117 mm., while the average for the females, for the same time, 
was 143 mm. The largest female caught measured 187 mm., while 
the largest male was 175 mm. Another fact which seems to sup- 
port the idea is that the males become sexually mature by the time 
they have reached a length of 88 mm., while no females have been 
found which were sexually mature under 130 mm. A male turtle 
was considered as being sexually mature when active spermatozoa 
were found in the vas deferens. Sexual maturity in the female is 
indicated when the first set of eggs begins to enlarge. In the face 
of these facts, one must assume that there is either a differential 
growth rate or that the male matures several years earlier than the 
female. It is to be expected that light will be thrown upon this 
subject when the hundreds of turtles which have been measured, 
tagged, and returned to the lake are retaken from year to year. 

It has not yet been determined when nor how the eggs are ferti- 
lized. It seems a very difficult matter to collect C. cinerea in copulo. 
Chelydra serpentina has been observed ecopulating in the laboratory 
but this has not been observed for (. cinerea. A number of catches 
were made in the lake when a male and a female were taken together, 
plastron to plastron, the female being above, usually with the head 
above water. These were supposed to be copulating. In all such 
eases the males were much smaller than the females. Two copulating 
seasons were observed during the year; one in the fall and another 
in the spring. The opening of the spring copulating season is indi- 
cated by the arrival well out in the bay of rather timid individuals. 
Some of these have been caught with great difficulty and were found 
to be males. As the season progresses, the females appear in the 
swampy parts of the lake and are there sought out by the males. 
Both males and females now become less timid and are easily taken. 
Soon after the spring copulation laying begins. During September 
and early October there is a similar congregation of individuals, and 
spermatozoa can again be found in the oviducts which had been 
free from them during the latter part of the summer. It was this 
semi-annual copulation together with the appearance of the eggs in ~ 
eroups that led Agassiz to formulate his theory of progressive ferti- 
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lization. This theory is contrary to the modern concept of ferti- 
lization, and seems untenable, at least in the case of C. cinerea, al- 
though there is no specific evidence bearing on the ease. 

There is, however, some contributory evidence. If turtles be taken 
from their native haunts before the spring copulation season, they 
produce wholly infertile eggs, and it is only after spermatozoa begin 
to appear in the oviducts of turtles in their native habitat that fertile 
eggs are found. It would seem reasonable that the fall copulation 
should be the fourth for some considerable number of individuals, 
and hence should initiate cleavage. But no such cleavage is found. 

The foregoing observations lead also to the conclusion that the 
fall copulation is ineffectual for fertilization. The idea that the 
spermatozoa are retained in the body of the female during the winter 
and are capable of fertilizing the mature eggs in the spring is also 
erroneous. In a few weeks after the close of the fall season a careful 
examination of the uterus, oviducts, bladder and body fluids of a 
number of specimens failed to reveal any spermatozoa. This leaves 
still unexplained the presence of a ‘‘food mass’’ observed on the 
spermatozoa by Glasecock (not yet published) which might have been 
interpreted as an adaptation for this purpose. 

As had been suggested, the males and the females are of con- 
siderably different sizes when copulation begins. Whether this is 
due to a differential growth rate or a different age for reaching sexual 
maturity is undetermined, but the evidence presented here appears 
to sustain the former idea. That copulation does not begin until 
sexual maturity has been reached by the females, at least, is evi- 
denced by the fact that the spermatozoa were not observed in the 
oviduets of sexually immature individuals. One turtle 125 mm. 
taken after the copulation season was well under way showed no 
traces of spermatozoa while another, 130 mm. in length, taken five 
days later, produced fertile eggs. Since, as already shown, the males 
may have active spermatozoa in the epididymus when they reach a 
length of 88 mm., it is safe to assume that copulation begins in the 
male when a earapace length of 85 mm. has been reached. In the 
case of females, no spermatozoa were found in the turtles with a 
carapace length of less than 130 mm., therefore copulation must 
begin about that time. 

Development to a certain stage takes place in the oviduct. The 
great majority of eggs removed from the oviduct had attained the 
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blastopore stage and remained in that stage. Evidently some condi- 
tion arrests the development of most of the eggs about the time the 
blastopore is formed. Several attempts were made to determine the 
factors which inhibited development. It was thought at first that 
possibly the egg absorbed water from the soil, since soon after deposi- 
tion the egg became turgid. To test this idea, uterine eggs were 
weighed immediately upon their removal from the oviducts, then 
placed under incubation conditions and weighed from time to time. 
There was a slight decrease in weight indicating that water was not 
absorbed from the outside during the development of the egg. Eggs 
were also incubated under moist conditions without contact of soil 
and were found to develop normally, indicating that soil has nothing 
to do with the initiation of development. This left only the assump- 
tion that either the gases of the air or those dissolved in water were 
responsible for the renewal of embryological processes. Whole ovi- 
ducts containing the eggs were removed, tied at each end and placed 
under incubation conditions, but without results. The failure of these 
eggs to develop, however, might reasonably be traced to the decay 
of the tissue of the oviduct. Further experimentation will be carried 
out along this line. It is quite possible that the physical change in 
the shell from the hard, inflexible shell in the oviduct to the soft, 
flexible shell in the nest permits a freer flow of gases. At any rate, 
this renewal of development is co-incident with a change in the al- 
bumen from a thick to a thin substance, with a corresponding in- 
crease in pressure. 

While as a rule the eggs taken from the oviduct are in the blasto- 
pore stage, some of them are found in the cleavage stages and others 
in the earliest flexure stages. Embryo No. 38, fig. 33, was found 
to be in this flexure condition. This was the second egg to enter 
the oviduct and it was opened immediately upon its removal. This 
embryo shows a greater development than those behind it in the 
oviduct. 

Agassiz noted that a turtle might lay eggs that had been retained 
for a considerable time. He found, however, that in most cases 
such eggs developed into monstrosities. 

This is not necessarily true as is shown in the following experi- 
ment. A turtle was caught, June 12, in the act of digging a nest. 
She was placed in a tank of water, without sand, and kept until 
July 10, when she was dissected. Of the seven eggs covered by shells, 
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four were opened and found to be in blastopore stages. One of these 
is shown in fig. 27. It is to be noted that this egg, although retained 
for a month, had not passed beyond the blastopore stage, and it 
seems reasonable to suppose that the development of the three un- 
opened eggs was about the same. The three unopened eggs were 
placed under incubation conditions. Figure 10 was made from one 
of the eggs from this clutch, artificially incubated for forty-eight 
days. Figure 11 is a drawing of a specimen from a non-retained 
egg which was incubated for forty-three days. A comparison of 
these two embryos shows that no unsatisfactory results came from 
such retention. In order to determine how long they could be foreed 
to retain their eggs, turtles collected early in June were kept in 
tanks of water without sand until the latter part of July, when 
some of them, at least, laid their eggs in the water and presumably 
ate them, for the only evidence of such deposition was the empty 
egg shells. Dissections of a number of individuals at a later time 
showed no traces of eggs. 


ARTIFICIAL INCUBATION 


Up to date, efforts to incubate artificially the eggs of turtles and 
terrapins have not been very satisfactory, although several success- 
ful attempts have been reported. One of these cases is related by 
Pease (1910), who carried home some newly laid eggs to show the 
children. These eggs were carelessly left in a tin box on the pantry 
shelf and in due time they hatched. Neither the species nor any 
other detail was given. Another plan, used commercially, is reported 
by Moulton (1914) who states that the eggs of the diamond-back 
terrapin are collected from the sandpiles in which they are laid, 
placed in boxes of sand, and sprinkled with water weekly until they 
hatch. Little data is given. Hochstetter (1906) mentions the arti- 
ficial incubation of some fifty eggs for embryological purposes, by a 
method similar to that reported by Moulton. 

Before any of the papers mentioned above had come to the knowl- 
edge of the writer, the following experiments had been successfully 
earried out. The first effort of the writer to incubate Chelonian 
eggs, artificially, was made in the summer of 1918 at Trinity Col- 
lege, Durham, North Carolina. Four eggs, secured from a potato 
hill near Farmville, Virginia, about the middle of August, were 
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placed in a box of sand, without any reference to their previous 
position, and carried about one hundred miles to the laboratory, 
where they were placed in a bucket of moist dirt which was cov- 
ered with a bell jar. About the middle of September four little 
terrapins of an undetermined species made their appearance. It is 
surprising, when the careless handling of these eggs is considered, 
that they hatched, for if such treatment had been given the eggs of 
Chrysemys cinerea, the embryos would have died. This indicates a 
fundamental difference in the egg structure of these two forms; the 
blastodise of this terrapin egg, like that of the hen’s egg, did not 
stick to the shell membrane but rotated as the egg was placed in 
various positions. In the summer of 1919 the eggs of the painted 
turtle were brought into the laboratory of the University of Wis- 
consin and placed in buckets of dirt, covered with bell jars. From 
such eggs embryos were secured. In these experiments newly laid 
eggs (not over a few hours old) and uterine eggs were used. The 
former were frequently collected before the the completion of the 
packing of the hole of the nest but never before the laying was 
finished. Uterine eggs were removed directly from the female. A 
summary of the results of the incubation of the uterine and the laid 
eggs for the first summer is here given: 


Total No. Total No. Total No. Per Cent 

Clutches Eggs Embryos Development 
MUL cacnetele iovtioys a a cal ovauare we 6 32 11 34.4 
(WGOTINGS) srcyetarhortere erecta «leat 19 135 99 73.3 


During the second and third summers practically none but uterine 
eges were used, but owing to the fact that many turtles were taken 
before the copulating season began, the data on fertility would be 
unreliable, and is therefore not included. 

Uterine eggs of other species have been examined by other stu- 
dents, but no reports have been found which would indicate that 
the incubation of uterine eggs had ever been attempted. The value 
of such incubation will be pointed out later in the paper. 

Although it is necessary to kill the turtle to secure the uterine 
eggs, this has its recompense, since from four to ten eggs are secured 
from each turtle. These represent various stages of development 
between early cleavage and the first flexure stages. Such a variety 
of phases in a single individual does not seem to be available in 
any other animal. If the turtle is taken early in the breeding sea- 
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son cleavage stages are very likely to be found, although the major- 
ity of eggs will be in the blastopore stage. This condition makes the 
turtle an excellent animal from which to secure the blastopore stages 
of the discoidal cleavage type for class work, since a single turtle 
may produce six or more eggs in this stage, whereas the hen, which 
must also be killed in order to secure the blastopore stage, will produce 
but a single egg in this condition.* The use of turtle eggs permits 
of a comparative study of the development of eggs of a clutch which 
have, in the very nature of things, much more in common than any 
group of hen eggs. Furthermore, turtle eggs may be placed under 
identical incubation conditions immediately upon removal from the 
oviduet, while the hen eggs, which are laid from day to day, are 
subject to varying external conditions before incubation. 

For incubation, the eggs of Chrysemys cinerea are buried to a 
depth of about one inch in horizontal position in a battery jar of 
moist sand. Each group is labeled with a peg bearing the number 
of the turtle. The embryos are numbered as they are removed from 
the eggs and fixed. 

A few precautions are necessary in the artificial incubation of 
C. cinerea eggs. In the first place, if eggs which have been laid 
are to be incubated, they must be secured early after deposition, since 
in from twenty-four to thirty-six hours after laying the embryonic 
dise comes to lie just above the yolk level, either at the top or the 
side or at the end of the egg, and attaches itself to the shell mem- 
brane. Any change in the position of the egg, even as little as a 
quarter of a turn, after this, may cause the yolk to settle over the 
embryo and the development will cease, or become abnormal. This 
probably accounts for the failure of many attempts at artificial in- 
cubation where the eggs are brought in from the field several hours 
after deposition. 

A proper moisture content also is essential for suecess. Eggs of 
the painted turtle exposed to the air of laboratories soon become 
wrinkled and finally collapse. In the ease of the snapping turtle, 
the shell is much tougher and the shriveling does not take place but 
the moisture leaves the egg and the yolk becomes a hardened mass 
within the shell. Seven ‘‘snapper’’ eggs were completely dried at 


* Recent work by Riddle (1921) would indicate that blastopore stages may be secured 
from live hens by intramuscular injections. 
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the close of twenty-eight days. Eggs from the same clutch, kept 
under moist conditions, continued to develop. 

Temperature, of course, plays its part, although a room with a 
southern exposure gives sufficient heat for reasonably rapid develop- 
ment. In this connection it was thought desirable to determine the 
effect of cold upon the rate of development. For this experiment 
the eggs from turtles No. 128 and No. 129 were placed under the 
usual ineubation conditions except that they were put in a refriger- 
ator. After a period of about one month one of these was opened 
and found to be in the blastopore stage, indicating that development 
does not proceed at temperatures near the freezing point. The. eggs, 
however, were not injured by the cold, for when placed under the 
natural heat conditions of the room they began to develop in the 
normal manner. In order to determine the relative rate of develop- 
ment, indoors and out, three eggs from each of the specimens No. 
36, No. 37, and No. 38 were buried in an artificial nest out of doors, 
exposed to all natural conditions. The remaining eggs from each of 
these specimens were placed under incubation in the laboratory. From 
time to time these eggs were opened. Embryo No. 88, fig. 11, was 
incubated in the laboratory forty-three days, while embryo No. 100, 
fig. 12, was incubated out of doors in an artificial nest for forty- 
seven days. Development proved to be about as rapid in the labora- 
tory as outside. 

The presence of soil around the egg is not necessary. This has 
been tried out in one case with the eggs of the ‘‘snapper.’’ Five 
eges from a clutch of eleven were placed in a finger bowl without 
sand or water, (see a, in table below). The remaining six were placed 
in moist sand, (see b, table below). The two bowls were placed in 
a glass dish which contained a small quantity of water and cov- 
ered with a bell jar. Incubation was allowed to go on for a few 
days and then the eggs were opened with the following results: 

(a) 5 eggs—3 embryos, 1 dead, 1 egg infertile. 
(b) 6 eggs—3 embryos, 1 dead, 2 eggs infertile. 


Although the eggs develop without soil, nevertheless, it serves the 
useful purpose of holding the eggs in position during development. 

The rate of development of the uterine egg is about the same as 
that of the laid egg. An examination of the drawings of embryo No. 
68, fig. 34, which was incubated twenty days, and of embryo No. 
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69, fig. 37, incubated seventeen days, shows that the latter, which is 
from a laid egg, is slightly more in advance, as would be expected. 
Comparison of embryo No. 92, fig. 10, and No. 99, fig. 18, shows that 
the former, which is from a uterine egg, is more advanced. In this 
ease, also, the laid egg was incubated three days longer than the 
uterine egg. 

Even among uterine eggs there is a variation in the rate of de- 
velopment. Two eggs were placed under identical incubation condi- 
tions, one day apart, and were opened on the same day. From these 
embryos No. 80, fig. 39, and No. 81, fig. 38, were obtained. Embryo 
No. 80 is considerably more developed than No. 81 would be if it 
had been incubated for the same time. Such difference may pos- 
sibly be due, in some degree, to the extent of the egg development 
in the uterus, but more likely it is due to the different developmental 
rates. 

Altogether one hundred and sixty-seven eggs were incubated the 
first year. From these one hundred and ten embryos, or slightly 
over sixty-six per cent, developed. During the second summer, three 
hundred and five eggs were handled from thirty-five clutches. Since 
a number of these clutches were taken from turtles collected before 
the spring copulation season began, there is a rather high percentage 
of infertility, some ten clutches failing to have any eggs develop. 

The ease with which turtles may be secured and incubation ear- 
ried on, and the high percentage of fertility, make the turtle an excel- 
lent subject for embryological work. 


PREPARATION OF MATERIAL 


Some of the eggs collected were opened immediately and some 
were artificially incubated according to the method just described. 
The embryos were all killed in Bouin’s fluid, stained in Alum Cochineal 
im toto and sectioned in paraffine. In this manner some two hun- 
dred and forty embryos have been prepared for study. 


DEVELOPMENT History THrouGH GASTRULATION 


As stated earlier in this paper, many of the eggs studied were 
removed from the oviduct and artificially incubated. No fertilization 
stages were found. 
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CLEAVAGE 


Since Chrysemys cinerea deposits its eggs in an advanced stage, 
considerable difficulty was experienced in finding cleavage stages. 
Two eggs were taken having sixty-four or more cells arranged in a 
discoidal plate. In appearance they were similar to those of the 
pigeon eggs photographed by Miss Blount and published in Lillie’s 
(1908) text, page 45, fig. C. On account of the hardness of the 
embryos, sections were not secured. 


FORMATION OF BLASTULA 


The formation of the blastula in Chelonians has been studied py 
Agassiz (1. ¢.), Will (1893) and Mitsukuri (1896). The sections show 
a layer of rather large cells, co-extensive with the blastodisc, and 
underlying these, a layer of more spherical cells. The former is at 
once recognized as the ectoderm and the latter as the yolk endoderm. 
There is sometimes a cavity present which may be called a segmen- 
tation cavity. In the earlier works it was called a Baerische Hohle, 
and was figured by Will (1. ¢.). 


SoME OBSERVATIONS UPoN GASTRULATION AND THE FORMATION OF 
THE BLASTOPORE 


Keibel (1905) raised the question as to the advisability of divid- 
ing the process of gastrulation into two parts. He suggested that 
the part involving invagination or involution be considered as the 
first part and the formation of the mesoderm as the second. This 
plan has been adopted in this paper. 

Mehnert’s work (1892) concerning the process of gastrulation is 
by far the most complete, and carries an excellent bibliography. 
Mitsukuri (1893) published a preliminary note upon this process, 
which was more fully treated by him in 1894. There is nothing 
unusual in the process. The views of these writers will be given 
later. 

The earliest stage of gastrulation is shown by the first invagina- 
tion of the ectoderm to form a small cup. This is commonly known 
as the blastopore stage. No trouble was experienced in securing it, 
since by far the greater number of eggs opened immediately were 
found to be in this condition. Altogether, twenty such embryos have 
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been mounted whole or sectioned. In Chrysemys cinerea, the blasto- 
pore is well within the germinal dise and is usually located asym- 
metrically in reference to length, about one-third of the total length 
distant from the posterior end. Figure 30 shows a typical case. In 
some species the blastopore seems to be in such a position as to ex- 
tend beyond the end of the dise, as figured by Mitsukuri (1894). Sey- 
eral stages of the closing of the blastopore are shown in the mounted 
specimens. The opening, which was originally round, comes to form 
first an oval and then an almost straight slit which later becomes 
slightly curved with the points of the crescent towards the anterior 
part of the body. 

The eavity formed by the invagination at first pushes directly 
downward and then suddenly bends cephalad, forming two layers 
of ectodermal cells, the small space between which is probably thé 
segmentation cavity. The space continuous with the blastoporie canal 
is the archenteron, the roof of which is formed by the invaginated 
cells and the floor by the cells of the yolk endoderm. Mitsukuri 
(1894) was the first to identify this cavity in Trionyx as the arch- 
enteron. Older specimens were found in which the endoderm had 
disappeared from the floor and the invagination cavity was continuous 
with the space at the top of the yolk. Will (1893) and Mitsukuri 
have had considerable argument as to the extent of this archenteronie 
cavity before its entrance into the yolk cavity. The former held 
that it was co-extensive with the dise while the latter maintained 
that it was in no way approximately equal in size to the dise. Ob- 
servations upon Chrysemys cinerea confirm the idea of Mitsukuri. 
However, Will may also be correct for the form which he discussed, 
since generic differences have been shown to exist. 

The primitive knot is on the posterior side of the blastopore. 
When it is not covered with ectoderm it is considered a yolk plug. 
Such an uncovered knob was found by Mitsukuri and Ishikawa in 
1886 in Trionyz japonicus, which is one of the snapping turtles. They 
at once formulated the idea of homology of the yolk plug in reptiles 
and amphibians. Robinson and Assheaton (1891) disagree with the 
homology suggested by Mitsukuri and Ishikawa. Kupffer (1882) 
did not find the yolk plug in reptilia. Chelydra serpentina is also a 
species of the ‘‘snapper,’’ and shows this yolk plug as is seen in 
figures 31, 32, 35, and 36. These drawings were made from mounts 
already in the University of Wisconsin embryological collections. 
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They show essentially the same features as are figured by Mitsukuri 
and Ishikawa. 

Similar conditions are not found in Chrysemys cinerea, since the 
yolk is plainly covered with ectoderm for some distance down into 
the blastoporal canal (see fig. 29). This is brought about in the fol- 
lowing manner: At the posterior end of the primitive plate, before 
the beginning of invagination, there is proliferated a group of cells 
of endodermal origin. These are covered over with a layer of ecto- 
derm. When invagination begins, the ectoderm forms a cup which 
seems to sink into these lower cells. Ultimately the ectodermal cells 
break and the part forming the anterior wall of the blastoporal cavity 
turns cephalad, forming a layer of cells under the ectoderm. In 
Chrysemys cinerea this rupture of the ectoderm takes place at the 
bottom of the cup when it has reached its greatest depth before 
turning cephalad. This leaves a part of the endodermal cells of 
the primitive knob covered with ectoderm, as indicated above. On 
the other hand, Mitsukuri (1896) found in the forms which he studied, 
(Trionyx Japonicus and others), that the primitive knob was never 
completely covered with ectoderm but that when the ectoderm had 
spread over about one-half the outer surface it began to invaginate, 
leaving the latter half of the primitive knob uncovered. To this un- 
covered part he applied the term yolk plug. Earlier in this paper 
such a condition has been shown to exist in Chelydra serpentina. This 
was the basis upon which Mitsukuri constructed his theory as to the 
homology of this structure in Hlasmobranchu, Chelonia, Amphibia 
and Mammalia. He states that no such structure (i.e., yolk plug) 
has been reported for birds, ‘‘probably due to the fact that nobody 
has looked for it.’’ He finds a closer analogy between Elasmobranchu 
and Chelonia than between Amphibia and Chelonia. In the exami- 
nation of several species he found that the more specialized the 
Chelonian studied, the less distinct was the yolk plug. If this be 
true, the non-occurrence of yolk plugs in Chrysemys cinerea means 
that this species is farther removed from the ancestral type than 
Trionyx japonicus and Chelydra serpentina. Other facts concern- 
ing these two forms lead to the same conclusion. 

Soon after invagination begins there is a thickening of the ecto- 
derm in the median longitudinal line. This represents the primitive 
plate. Previous to this thickening the head fold becomes visible at 
the anterior end of the disc, but it is not nearly so marked as is 
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figured by Agassiz (1. ¢.). In fact, Agassiz (see Agassiz, plate 9-e) 
makes the head fold the first to develop. Certainly, such is not the 
case in Chrysemys cinerea. 


SUMMARY 


1. Chrysemys cinerea is shown to be the only species oceurring in 
the vicinity of Madison, Wisconsin. 

(a) There are no constant differences of markings in the forms 
occurring there by which C. cinerea and C. bellii can be separated. 

(b) Chrysemys marginata and Chrysemys cinerea have been 
previously combined as a single species, the latter name being adopted 
on the basis of priority. The impossibility of differentiation between 
C. cinerea and C. bellii requires that but one species be recognized. 
Priority designates it as C. cinerea. 

(¢) While hybridization is possible, the undiminished fecundity 
of these forms indicates that they are not hybrids. 

(d) It is more probable that geographical varieties occur in dif- 
ferent regions, as is the case with the song sparrow. 

2. The egg-laying period was found to extend from June 8 to 
June 26, with a possible extension of time to July 7. Turtles were 
observed in oviposition from 3:30 p. m. to 6:00 p. m., but indications 
were that egg-laying may be carried on any time from 12:00 m. to 
10:00 p. m. 

3. It was found that the supernumerary bladder is used for moist- 
ening the soil in digging the nest. That the water contained therein 
was excretory in nature. 

4. The number of eggs in a clutch varies from four to fourteen. 
The number of eggs in the ‘‘groups’’ in the ovary varies from one 
upwards to fifteen. 

5. Chrysemys cinerea may begin laying when it reaches a length 
of one hundred and thirty millimeters and, apparently, there is a 
relation between the size of the turtle and the number of eggs laid. 

6. The nests are opened by some unknown animal which destroys 
the eggs. This led to the use of artificial incubation. 

7. The possibility of artificial incubation has been shown and suc- 
cessful methods have been described. 

8. Uterine eggs may be used with even better results than can be 
obtained with laid eggs. 
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9. Contrary to general opinion, no great care is necessary. in 
handling turtles or their eggs, provided uterine eggs or newly laid eggs 
are used. Embryos may be opened in normal saline without dis- 
tortion. 

10. Eggs that have been retained by a turtle for a month will 
produce apparently normal embryes when incubated. 

11. Development in the oviduct ceases about the time the blasto- 
pore is formed, but may be arrested in the cleavage stages, or may 
proceed to the first flexure stage. 

12. The rate of development is approximately the same in arti- 
ficial incubation as it is under normal conditions. There is prob- 
ably quite a difference in the development rate of various eggs of 
the same clutch. 

13. Cleavage in Chrysemys cinerea is similar to that of any dis- 
coidal cleavage form. 

14. In the blastula the lower part is formed by yolk endoderm 
while the upper part is formed by ectoderm. There is a cavity be- 
tween them similar to the cleavage cavity of other forms. 

15. In Chelydra serpentina a yolk plug occurs but it does not 
occur in Chrysemys cinerea. This, with other considerations, indi- 
eates that C. cinerea is more specialized than Chelydra serpentina. 

16. The rounded blastopore in closing forms first an oval and 
then a crescent. 

17. The blastopore is formed by an invagination of the ectoderm. 

18. In Chrysemys cinerea, as in Trionyz, the anterior part of the 
blastoporeal canal forms the archenteron. 


TRINITY COLLEGE, 
DvurHaM, N. C. 
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EXPLANATION OF PLATES 2-4 


Figs. 1, 3-6, Chrysemys picta after Agassiz. 


Fig. 


. 13, 
. 14, 
io, 
Fig. 
Figs. 17-24, 


16, 


Chrysemys marginata after Agassiz. 

Chrysemys picta after Gadow. 

Chrysemys picta after Ditmars. Photographs by permission. 

Chrysemys marginata after Ditmars. Photographs by permission. 

Photograph of C. cinerea. Uterine egg retained for 30 days. Incu- 
bated 48 days. 

Photograph of C. cinerea. Incubated 43 days out-of-doors. 

Photograph of C. cinerea. Ineubated 47 days indoors. 

Photograph of C. cinerea. Laid egg ineubated for 45 days. 

C. picta Hermann, after Schoepff. 

Plastron of C. bellii after Ruthven. 

Plastron of C. cinerea after Ruthven. 

Drawings of plastrons of various specimens showing gradations of 
plastron markings between these figured in 15-16. 


Figs. 25-26, Drawings of plastrons of two specimens from the same clutch. 


Fig. 
Fig. 
Fig. 


Fig. 


Blastopore stage of C. cinerea. Egg retained 30 days. 

Transverse section showing invagination of C. cinerea. 

Sagital section of a later stage showing ectodermal cells posterior to 
blastopore. 

Blastopore stage typical of C. cinerea. 


Figs. 31, 32, 35, 36, Yolk plug of Chelydra serpentina. 


Fig. 
Fig. 


Fig. 
Fig. 


Fig. 


33, 
34, 


37, 
38, 


39, 


Early flexure stage. Egg opened upon removal from oviduct. 

Outline drawing of embryo of C. cinerea. Uterine egg incubated 20 
days. 3 

Outline drawing of C. cinerea embryo. Laid egg incubated 17 days. 

Outline drawing of C. cinerea embryo. Uterine egg incubated 28 
days. 

Outline drawing of C. cinerea embryo. Uterine egg incubated 30 
days. 


Figs. 10-13, slightly reduced; 15-24 reduced 14; 25-26x2146; 27x12; 28-29x 50; 


30x20; 31, 32x50; 33x8; 34x4; 35, 36x50; 37x6; 38x5; 
39x 3. 


REACTION OF METHANE AND ALSO OF ACETYLENE UPON 
ZIRCONIUM TETRACHLORIDE 


By F. P. VENABLE and R. O. DErTz 


The reactions of zirconium tetrachloride with certain hydrides as 
ammonia, phosphine, and hydrogen sulphide have been investigated 
in so far as the changes taking place in the zirconium compound are 
concerned. There are first formed with ammonia addition com- 
pounds which on heating yield nitrides and hydrogen chloride. With 
phosphine zirconium phosphide is formed and with hydrogen sul- 
phide the product is zirconium sulphide. 

As zirconium earbide is somewhat imperfectly known, it seemed 
of interest to examine the reaction between zirconium tetrachloride 
and certain hydrocarbons. The carbide was prepared by Troost,} 
who heated powdered zircons with carbon in an electric furnace, 
obtaining a substance which on analysis yielded results agreeing 
fairly with the formula ZrC,, but no distinction was made between 
free and combined carbon. Moissan? prepared the carbide by fusing 
zirconia with carbon, varying the amount of carbon in different 
fusions and obtaining a substance of consistent composition agree- 
ing with the formula ZrC. Wedekind® later confirmed the work of 
Moissan. So it may be concluded that normally zirconia reacts with 
carbon at high temperatures, forming a carbide containing one atom 
of each of the combining elements in the molecule. 

For the following experiments zirconium tetrachloride was pre- 
pared and freed from traces of iron by the method used by Venable 
and Bell.4 It was retained in a hard glass tube where it could be 
volatilized by means of an electric sleeve. Every precaution was 
taken to avoid the presence of traces of water which would hydrolyze 
the tetrachloride. 

Methane was prepared by heating anhydrous sodium acetate and 
soda lime and was dried before admission to the reaction tube. This 
tube contained about 5 grams of ZrC1, which was volatilized during 
the passage of the methane. Apparently no reaction took place 

2 Compt, rend, 116° 1222, 1893." 

Ann. 895. 149. 1912. 


*Amer. Chem. Soc. 89. 1598. 1917. 
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below the temperature of vaporization. The tetrachloride began to 
darken at about 400°. About 13 1. of methane were used in a slow 
stream. After about one-third of the methane had been used no 
further volatilization of the tetrachloride was observed. When the 
reaction tube was opened after cooling there was observed a peculiar 
odor resembling that given off when sulphuric acid through which 
methane has been bubbled is diluted with. water. This may indi- 
cate the formation of condensation hydrocarbons either in the drying 
train containing P,O, or in the reaction tube in the presence of 
heated ZrC1,. 

The contents of the reaction tube were washed out with water to 
remove zirconium chlorides and after thorough washing three undis- 
solved products were distinguished under a magnifying glass as fol- 
lows: (1) Black particles, (2) lighter brownish particles which were 
easily blown about by slight air currents, and (3) masses which were 
largely colorless but held small black particles disseminated through | 
them. The total yield was only a small fraction of a gram, showing 
that in spite of prolonged heating with an excess of methane the re- 
actions taking place were quite limited in extent. From two runs of 5 g. 
ZrC1, each, 0.51 g. of the black particles were obtained and the sep- 
aration could not be looked upon as complete. 

Separation of these different particles by flotation in various 
liquids was attempted but proved unsatisfactory. Various solvents 
were tried also without success. Concentrated nitric acid reacted 
upon the mixture, as also did sulphuric acid. After partial separa- 
tion by flotation followed by picking out the particles as far as 
possible under a magnifying glass about 0.5 gram of the black par- 
ticles were secured and analyzed. The percentage of carbon found 
was 32.09. Later the experiment was repeated with some additional 
precautions and a sample obtained yielding 28.11 p.c. carbon. From 
these analyses it was concluded that the black particles contained a 
considerable admixture of free carbon, since the percentage for ZrC 
is 11.69 and for ZrC, 20.95. 

The investigation of the reaction with acetylene showed that it 
began on gentle heating and was exothermic. Gradations in color 
from brown-red to black were observed in the product and on wash- 
ing with water a mixture apparently similar to the above was obtained. 


UNIVERSITY OF NoRTH CAROLINA, 
CHAPEL Hitt, N. C. 


SOME PHASES OF STRUCTURE AND DEVELOPMENT OF 
GARDEN PEA AND WHITE SWEET CLOVER SEEDS 
AS RELATED TO HARDNESS 


By L. Epwry Yocum 
PLATES 5 AND 6 


Hard seed coats are very common among the Leguminosae. Guppy 
(7) mentions 32 legume seeds in a list of 43 plants whose seeds are 
more or less hard. Harrington (8) has found in hand hulled seeds 
the following percentages of hard seeds: alsike clover, 92%; red 
clover, 92% ; white clover, 98% ; and white sweet clover, 98%. There- 
fore, it is of vast economic importance to determine some way of 
inducing all the legume seeds to germinate soon after sowing rather 
than months or years later, which is often the cause of a poor stand 
of clover. The purpose of this paper is: (1) to trace the develop- 
ment of the garden pea and white sweet clover seed coats, and (2) 
to find out the chemical composition of the cell walls. It is hoped 
that these factors may throw light on the cause of hardness and sug- 
gest some method of overcoming the hardness of the seed coats which 
will be more practical to the farmer than any of the present methods. 
The Malpighian cells have been found to be most important as 
regards hardness, and therefore most emphasis will be put on the 
study of that layer of cells. 

Hard seeds are considered as those failing to absorb water when 
under favorable conditions for three or more days. 


Historica 


Seed coats have been investigated from time to time since 1667 
when Malpighi described the cells now bearing his name. Russow, 
1871, studied the light line with polarized light and came to the con- 
clusion that it had less water than other parts of the cell. Pammel, 
(12) 1885, examined several of the Leguminosae, and again, Pammel, 
(13) 1899, published a monumental work on the anatomical char- 
acters of the Leguminosae, with excellent figures, and an extensive 
bibliography. 
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Workers began to turn their attention to the treatment of hard 
seeds about 1890. Kuntz and Huss used sand paper as a seratching 
machine. Other investigators have used various forms of sand 
paper seratchers. In the past ten years most investigators have used 
some modification of throwing or blowing seeds against sharp points 
or needles as a means of puncturing the seed coat. Carruthers, (2) 
1911, was able to guarantee 98-100 per cent germination of clover 
seed with a machine of this type. Rose, (14) in 1915, explains a 
device where seeds are blown against a pad of needles, which very 
effectively improves germination. Prof. Hughes of Iowa State Col- 
lege has invented a similar but less complicated machine which is 
fairly satisfactory and is in use by some seedsmen. 

Harrington, (8) 1915, shows the effectiveness of clover hullers 
as scratching machines. He finds that while hand hulled white 
sweet clover has 98 per cent of hard seeds, machine hulled has only 
20 per cent of hard seeds. Hulling, however, injures some of the 
seed when set to get the maximum scratching results. 

Hot water treatment has been recommended for a number of years. 
Jarzymowski, in 1905, used it with some success with legume seeds. 
Bolley, (1) in 1910, reports success with hot water provided the 
treatment was not so long as to injure the embryo. 

Chemical treatments are receiving more and more attention. 
Rostrup, (15) in 1896, treats Lathyrus sylvestris seeds for one minute 
in sulphuric acid and had. 100 per cent germination. Bolley (1) has 
used sulphurie similar to the way it is used by Love and Leighty, (11) 
in 1912, who treated seed for 10 to 30 minutes to get maximum re- 
sults. Periods of more than one hour usually injure the seed. 

Many other chemicals have been used; however, the lower alcohols 
seem to be most effective. Verschoffelts thinks the water will not 
wet the cell walls, but aleohol can do this more easily. After the 
walls are wet they can absorb water. Coe and Martin (3) find that 
the alcohol treatment is not effective with white sweet clover. 

Several explanations have been offered for dormancy or poor germi- 
nation of seeds. Crocker, (4 and 5) in 1916, gives a representative 
list of probable causes. He attributes dormancy in many eases to 
the hard seed coat, which keeps out water and possibly oxygen. The 
impermeable portion may be the ecutin or the light line. Coe and 
Martin (3) show by staining whole seeds that the light line is un- 
doubtedly the limiting factor of absorption, since the stain enters 
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readily to, but does not stain, nor pass beyond the light line. The 
light line is very much harder than other portions. They have found 
that while the outer portion of the seed is readily eaten by sul- 
furie acid, the light line is not destroyed by it. The paper also 
contains a very extensive list of the important literature. 

Some work has been done on the hereditary possibilities of hard- 
ness. Harrington (8) gives an account of the tests on the experi- 
mental farms, 1909-14. He says the percentage of hard seeds has 
been as great from seeds when only 5 per cent were hard as from 
seeds when 95 per cent had been hard. 

Hiltner and Kinzel (10) find that the percentage of hard seeds 
is higher in some years than others, and that perhaps weather condi- 
tions have an effect. They also find that rapid drying, 30° to 40°C. 
inereases hardness. Harrington (8) and Coe and Martin (3) have 
not found a seasonal relation. 


MATERIAL AND METHODS 


All stages of development of garden peas and white sweet clover 
seed coats, except those fully mature, were killed in chromoacetie 
acid, imbedded, eut and finally stained with either safranin and 
light green, or haematoxylin and safranin. Mature stages were taken 
from free hand sections. In some eases the flowers were tripped and 
age of seed figured from date of tripping, in other cases it is esti- 
mated from the time the flower wilts which is considered as the time 
of fertilization. 

All microchemical work was done on fresh material grown in 
the green house. The methods followed were those outlined by Zim- 
mermann, Hass and Hill, and Tunmann. 

In this work hardness in peas was determined by soaking for 
three days. Less than 1 per cent of most peas are hard. Some few, 
however, appear to have hard seed coats, but admit water at the hilum, 
as shown by swelling around that region first, as well as by stain- 
ing. Sweet clover seeds were placed in germinator for 10 days and 
those not swelled were considered hard. 


DEVELOPMENT OF SEED CoAT 


These legumes have their seed coats made up almost entirely of 
the outer integument. The inner integument in sweet clover never 
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develops more than two or three rows of large cells. The garden 
pea forms six ‘to eight rows of cells in the inner integument but 
never forms the cells so compactly as in the outer integument; how- 
ever, the two gradually shade off together. The inner integument in 
both eases soon partially breaks down. 

The outer integument in sweet clover is made up of from five 
to eight rows of cells. The garden pea has from six to ten layers 
of cells in the outer integument. The former number is common at 
the time of fertilization and the remainder are added soon after. 

The sweet clover seed coat has almost cubical Malpighian cells 
at the time of fertilization, with thin walls slightly thicker at the 
outside. In six days the Malpighian cells begin to elongate and divide 
so as to become very narrow. This elongation and division goes on 
very rapidly for about eight days, when it appears that possibly the 
sotal number of cells have been formed and that these get wider to 
accommodate the later growth of the seed. 

The cell walls begin to thicken soon after fertilization, and decided 
thickening takes place on the outside at the time the cells elongate. 
The domes begin to thicken in nine days and are completely formed 
in about twenty days. The light line does not appear until the seed 
is nearly mature. 

A very striking contrast is found between hard and soft seeds. 
Hard seeds have their walls thickened so much below the light line 
that the lumen extends only part of the way from the base to the 
light line. In soft seeds a fairly large lumen extends to the light 
line. This may allow larger pores to extend through the hght line. 

The thickening of the cell walls of sweet clover and peas is similar 
in that both are thickened in ridges leaving crevices between the vari- 
ous thickened portions. The crevices are usually very narrow. 

In the garden pea the cell walls are generally thinner, especially 
in young stages, than in sweet clover. The Malpighian cells change 
very little for several days after fertilization. The remainder of the 
cells of the integument enlarge very much. In about six days the 
Malpighian cells elongate to several times their width and thicken a 
very small amount. Thickenings come in very rapidly at the time 
the seeds are nearly mature. 

The cells sometimes entirely close up due to thickenings, as in 
the case of hard seeds. Seeds which are not hard usually have the 
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lumen extending nearly the length of the cell, although the walls are 
very much thickened. 


CHEMICAL COMPOSITION OF CELLS IN GARDEN PEA 


In very young flowers where the anthers were not open, light 
green stains the walls nearly equal around the ovule. Ruthenin red 
shows very little staining at any point. Methylene blue stains cell 
contents, walls lightly if any. Cupro-ammonia destroys the walls en- 
tirely in one hour. Chloroiodide of zine stains brown color. This indi- 
cates generally cellulose but not definitely. 

At the time of fertilization, all the cells except those of the micro- 
pylar region remained the same. At the micropyle the light green 
does not stain. Ruthenin red stains distinctly at micropyle. Methy- 
lene blue stains cell walls deep blue, and destains in alcohol. In 
cupro-ammonia micropyle cells are more resistant, remain intact after 
two hours. This indicates presence of pectin appearing in micropyle 
at time of fertilization. 

After fertilization the cell walls of the Malpighian cells modified 
very rapidly in structure and took stains with difficulty. Chloroiodide 
of zine, one week after fertilization, stains brownish yellow except 
at micropyle where it is blue. In half grown seeds it stains violet at 
base and brown at outer part of cell. Iodine and phosphorie acid give 
no distinet stain one week after fertilization. Iodine and sulphuric 
acid on a mature seed gave a yellowish brown color at outer part of the 
cells or the region of the cutin and blue in the inner half of the 
cell, outer half unstained. Cupro-ammonia has little or no action on 
cell walls. This indicates a eutin on the outside, inner part cellulose, 
and outer part more impermeable. 

Mild hydrolysis was tried. Seeds of three ages were boiled slowly 
for 20, 50 and 80 minutes in 4 per cent HCl solution with reflux con- 
denser. These were then tested with chloroiodide of zine. Cell walls 
all stained deep blue. Cupro-ammonia rapidly dissolved the walls. 
On mature seeds iodine and sulphurie acid gave a deep blue color 
with much swelling, on young seeds gave a violet color. This dis- 
tinctly indicates pure cellulose after treatment for 20 minutes in 
weak HCl acid solution. Since this substance was so easily hydro- 
lyzed it seems likely to have been a hemi-cellulose. Hemi-celluloses 
are usually either some paragalactan or pentose. Untreated seed 
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coats were tested with phloroglucin and HCl acid and then heated 
to test for a paragalactan substance. No action. This would indi- 
cate a pentose substance in the hardest part of the seed coat. 

With the above observations in mind, nearly mature and mature 
white sweet clover seeds which were very impermeable to stains were 
treated as above with HCl acid solution. When tested with iodine and 
sulphuric acid and chloroiodide of zine the domes took a very deep 
blue color, indicating as in the garden pea the presence of a pentose. 
The light line and the portion covering the domes were unattacked, 
except slightly. The light line does not readily yield to hydrolysis. 

The work of Coe and Martin was confirmed as to the distance a 
stain will penetrate a hard seed in white sweet clover. The domes 
were readily stained to the light line but no trace of stain passed 
into the light line. 

Pammel and others have indicated a light line in Garden Peas 
in about the position it is commonly found in the Leguminosae. Tun- 
mann shows a light line in the shape of a cap over the end of the 
cell. In this work no distinct light line was observed in the Garden 
Pea. Testing by immersion in stains showed that the impermeable 
portion of the pea is in the cutin, since stains do not pass through 
the ecutinized layer. 

I wish to express my appreciation of the encouragement and help- 
ful suggestions given me by Dr. J. N. Martin of the Iowa State Col- 
lege while I pursued this work. 


SUMMARY 


In sweet clover and garden peas the Malpighian layer of cells 
begins to thicken very much about a week after fertilization. Thick- 
enings are in ridges leaving crevices between. 

Sweet clover develops a light line which is more impermeable to 
water than the outer part of the cell. The pea does not have this 
region but in some cases had an impermeable cutin. 

Pectin is deposited in the cells around the micropyle at about the 
time of fertilization in the garden pea. 

The outer portion of the Malpighian cells of sweet clover and gar- 
den peas is a hemi-cellulose, very likely some form of pentose. The 
inner portion is cellulose. 
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The impermeable portion of a hard pea seed is located in the 
cutinized layer as compared with the light line in sweet clover. 


N. C. CoLLEGE FoR WOMEN, 
GREENSBORO, N. C. 
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EXPLANATION OF PLATES 
Plate 5. Melilotus alba. 


Fig. 1. Ovule wall forty-seven hours after pollination and just before fertiliza- 
tion. (x 1500). 


Fig. 2. Ovule wall after first division of the egg cell. (x 1500). 

Fig. 3. Ovule wall five days after pollination, suspensor well developed. (x 1500). 
Fig. 4. Ovule wall six days after pollination. (x 1500). 

Fig. 5. Malpighian cells nine days after pollination, cotyledons well developed. 


(x 1500). 
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. Malpighian cells and osteosclerid cells fourteen days after pollination. 


(x 1500). 


. Malpighian and osteosclerid cells sixteen days after pollination. (x 1500). 
. Malpighian cells of a medium hard seed showing the first appearance of 


the light line. (x 1500). 


. Malpighian cells of a hard seed with wider light line and smaller pro- 


portion of lumen. (x 1500). 


. Malpighian and osteosclerid cells of a soft seed, showing narrow light 


line and large lumen. (x 1500). 


. Malpighian cells of a hard seed stained in mass, domes heavily stained 


but none has passed into or through the light line. (x 1500). 


. Cross section through domes. (x 1800). 
. Cross section just below the light line. (x 1800). 


Plate 6. Pisum sativum. 


. Ovule wall before pollination. (x 1500). 

. Ovule wall shortly after fertilization. (x 1500). 

. Portion of ovule wall about four days after pollination, (x 1500). 
. Malpighian cells about ten days after pollination. (x 1500). 


Malpighian and osteosclerid cells about fifteen days after pollination. 
(x 640). 


. Malpighian cells of a mature seed. (x 1500). 

. Cross section of Malpighian cells just under the cuticle. (x 1800). 

. Malpighian cells of a hard seed, very much reduced lumen. (x 1500). 
. Malpighian cells of a soft seed, with lumen extending nearer the cuticle. 


(x 1500). 

A single Malpighian cell treated with iodine and sulphurie acid. Much 
swollen, and blue except at triangular shaded portions which are 
yellow. (x1500). 

Cross section of Malpighian cells where the lumen appears. (x 1800). 


VARIATION OF PROTEIN CONTENT OF CORN 
By H. B. Arpuckue and O. J. Tues, JR. 


I. INFLUENCE OF CLIMATE 


Corn is now the greatest feed crop in the United States, and is 
relied upon for the production of most of the beef, mutton, and pork 
marketed in this country, and exported to foreign countries. For 
fattening butcher stock on the farms and in the big feed yards 
corn is the most efficient food, but for breeding stock, and young 
animals, it must be used with caution. Grains of higher protein 
content, such as oats, soybeans, wheat (in form of bran) must supple- 
ment the corn. 

Many attempts have been made to increase the protein content 
of corn with a view to removing its deficiency, but despite all these 
efforts the protein content of corn in general remains the same. By 
careful seed selection some varieties have acquired the reputation of 
possessing higher protein content, but after a few years it is found 
that it has dropped back to its former standard. Hayes and Garber, 
in 1919, completed some experiments extending through a period of 
several years, in which, by self-fertilization, followed by crossing and 
seed selection, they were able to increase the protein content as much 
as two per cent, thus making it almost the equivalent of oats in 
protein. The yields, however, were greatly cut down, and the corn 
developed showed a tendency to revert to the lower protein stand- 
ard. Such experiments, and other similar observations, raise the 
question as to whether the protein content in a given variety of corn 
is a fixed factor. 

If the protein does change, can this change be controlled? What 
is the effect of climate, season, soil, fertilizer, tillage? 

The object of this investigation begun a year ago by the authors 
is to determine, if possible, how certain conditions may modify the 
protein content in a given variety of corn. This preliminary paper 
presents the results of our first year’s investigation of the effect of 
climate. We have chosen three varieties of corn, and will super- 
vise the seed selection each year. The first variety is a white corn, 
Silver King, which has been grown for four years on the farm of 
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one of the authors in West Virginia. Analysis for three years shows 
approximately 8.5% protein. This corn has shown little change dur- 
ing these years. It has been grown on the same land under uniform 
conditions of rainfall and tillage. 

The second variety is a white corn of high protein content. The 
seed was raised in North Carolina, and the corn analyzed was grown 
in North Carolina. Its protein content is 9.6%. 

The third variety is a yellow corn, Golden Dent. This seed was 
raised in North Carolina, and the corn analyzed was grown in North 
Carolina. The protein content is approximately 6.7%. 

In each case several grains were taken from different parts of a 
number of ears, and a composite sample was secured by mixing and 
grinding. 

This year we made an analysis of a sample of the first variety, 
Silver King, secured from ears grown in North Carolina. The seed, 
however, was raised in West Virginia. It is our purpose to grow 
this corn, Silver King, for a number of years in North Carolina, 
reporting results, and also to grow the North Carolina varieties in 
West Virginia, reporting results. 

We were limited in our choice of varieties, as the growing period 
in West Virginia is only about 110 days. 

The altitude at which this corn was grown in West Virginia was 
2500 feet. The altitude of Davidson, N. C., where the corn was 
grown, is 800 feet. The season of North Carolina is approximately 
30 days ahead of that in West Virginia. This should furnish such 
a marked difference in climate that any variation in protein due to 
this cause should be clearly shown. 

Our first experiment showed a marked change in the protein con- 
tent, but in the direction that is exactly opposite to that generally 
expected. It has been thought that warmer climates produced higher 
protein in corn. No satisfactory reason, however, has been given 
for this supposition. Quite recently it has been shown by a num- 
ber of experiments that the sugar content has been raised by plant- 
ing corn in colder climates. 

The analyses are given below: 
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Analysis of the white corn, Silver King, grown in West Virginia. 


Percentage of Percentage of Percentage of 
Nitrogen Nitrogen Protein 

(2 gram sample) (3 gram sample) 

No. 1 1.418 No. 4 1.371 : 8.534 

No. 2 1.365 

No. 3 1.376 


Mean, 1.383% N, 


Analysis of the white corn, Silver King, grown in North Carolina. 


Percentage of Percentage of Percentage of 
Nitrogen Nitrogen Protein 

(2 gram sam: le) (3 gram sample) 

No. 1 1.251 No. 4 1.233 7.700 

No. 2 1.247 No. 5 1.217 

No. 3 1.213 


Mean, 1.232% N, 


Analysis of the white corn, White Plume, seed raised and grown in North 
Carolina. 


P-reentage of Percentage of Percentage of 
Nitrogen Nitrogen Protein 
(3 gram sample) 
No: “1-543 9.619 % 
No:2) 1531 
No. 3 1.543 


Mean, 1.539% N, 


Analysis of the yellow corn, Golden Dent, seed raised and grown in North 
Carolina. 


Percentage of Percentage of Percentage of 
Nitrogen Nitrogen Protein 

(3 gram sample) 

No. 1 1.095 6.687 % 

No. 2 1.028 

No. 3 1.087 


Mean, 1.070% N, 


It may be of interest to some to know the method of nitrogen 
determination employed. After experimenting with several modi- 
fications of the Kjeldahl, including the use of potassium perchlorate, 
we finally adopted as the most satisfactory method of determining 
nitrogen in corn the following: 3 grams corn, finely ground, is in- 
troduced into a Kjeldahl flask, 0.3 gram copper sulphate, C. P. added, 
and then 20 ee. sulphuric acid with phosphorous pentoxide. After 
digesting till the material in the flask has assumed a liquid form, 
10 grams potassium sulphate, C. P. is added slowly. By this plan 
samples were completely digested and ready for distillation in times 
ranging from 26 to 40 minutes. This included five minutes for 
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digestion after contents of the flask had cleared. We found that 
the chief factor in the time saving was the introduction of the po- 
tassium sulphate at the proper time after the digestion had gotten 
well under way. This allows the use of comparatively high heat from 
the beginning without serious foaming of the contents of the flask. 

T. B. Osborne, at the Connecticut Agricultural Station, has given 
us the best data on the protein content of corn and recommends 
6.25 as the protein factor. We have used this factor in our calcula- 
tions. If we succeed in establishing a marked change in the protein, 
we shall endeavor to show which form of protein found in corn is 
affected. We append for convenience of reference Osborne’s analysis. 


Proteins in Corn: 


POLMDLGE TVW ALGMs etccc sya creeeiaict cus eave! «cies e Marat aipio olate agetee wie. ic ei'eishere Proteose, 0.06% 

Globulin, 0.04% 

Sarge ane Ralp, SeiaaOM mts 5.0 sos. hiees a oa eee. wls es Oe ale 8 « Maysin, 0.25% 

{ Edestin, 1.10% 

BOM D enamel GO WOU ates wes pers acter cee one Oye) erat shade ehenerter wNaoreis Zein, 5.00% 

Insoluble in above, but soluble in 0.2% KOH................ 3.15% 
Summary: 


1. Plan of investigating influence of climate on protein content 
of corn is outlined. 

2. The analyses of the varieties of corn chosen for experiment 
are reported. . 

3. The result of planting of West Virginia grown corn in North 
Carolina for the first year shows a marked reduction in protein. 

4. The modification of the Kjeldahl method which was employed 
for the determination of nitrogen in corn is given. 


Davipson CouLuecE, N. C. 


GEOLOGY OF THE MUSCLE SHOALS AREA, ALABAMA 
By W. F. Prouty 


The Tennessee River at its confluence with the Ohio is the larger 
of the two streams. The Tennessee represents, about as perfectly as 
any stream known, a shift of course through successive river cap- 
ture. Rejuvenation has caused the down-cutting of the Tennessee 
into its old peneplain. In the neighborhood of Florence, Alabama, 
where the stream makes a considerable bend toward the north, the 
older and more resistant rocks of the Nashville arch outerop and 
cause the Muscle Shoals, which have a fall of more than 140 feet 
in the course of a few miles. In the Waldron Ridge the lower part 
of the Pennsylvanian and upper part of the Mississippian rocks are 
well exposed. In the Muscle Shoals area proper the lower portion 
of Mississippian is alone seen along the stream. 

In this portion of the State the Fort Payne series is composed of 
the Tuscumbia limestone above and the Lauderdale chert, limestone 
and shale below. The very resistant Lauderdale chert forms the 
bed of the stream throughout the area of the shoals. This rock dips 
more steeply than the stream so that in going from the head to the 
foot of the shoals one passes from the bottom to the top of the heavy 
Lauderdale chert beds. As these beds are jointed, they break off into 
steps which form the riffles across the stream, usually at a considerable 
angle to the flow of the stream. 

The big or Wilson dam, now under construction, is located near 
the foot of the shoals and near the top of the Lauderdale chert. At 
this locality the river runs south of west, the 4000 foot dam runs 
a little west of north and the dip of the formations is practically due 
south. At this point the dip is unusually large, being about 60 feet 
for the width of the river. As a result of this the bed of the stream 
and the north bluff are composed entirely of the Lauderdale chert 
formation while the bluff at the south end of the dam is made up 
in part of the less resistant chert of the Lauderdale, and at higher 
levels of the more soluble limestone of the Tuscumbia formation. It 
is in the portion of the proposed flooded area occupied by this more 
soluble limestone that trouble from leakage is anticipated and it was 
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because of this threatened leakage that the writer was asked to make 
a geological report to the Government concerning the dam founda- 
tion during the war period. 

Although there is a considerable area of the Tuscumbia which 
will be flooded by the Wilson dam, the trend of the rocks is such 
that no great danger from leakage is to be expected except in the 
area near the dam, where considerable pressure grouting will be 
necessary. 

The proposed Dam No. 3 is to be located near the head of the 
Big Muscle Shoals. At this point the Lauderdale chert occupies the 
southern bluff while a shale and a very soluble crinoidal limestone, 
lying below the Lauderdale chert, oceupy the northern portion of 
the stream bed and the northern bluff. At this locality the northern 
end of the proposed dam is the weak one and the weakness is of 
greater concern than at the south end of the Wilson Dam. 

The strata throughout the area show a number of small, rather 
sharp folds. These run nearly with the strike. One such fold is 
seen in the bed of the stream near the north end of the Wilson Dam. 
It does not here constitute a line of weakness. Another such sharp 
fold cuts diagonally across the river at Bainbridge Eddy, here bring- 
ing up the less resistant shale and limestone which have yielded the 
deep and narrow channel. 

The upper Lauderdale in places contains small cavities containing 
oil residues. That gas is also present, in small amounts at least, is 
also demonstrated by the secondary explosions which were so com- 
mon following blasts made at the location of the new power plant on 
the south side of the river below the Wilson Dam. 


CHAPEL HI11,; N. C. 


AZALEA IN NORTH CAROLINA 
By W. W. ASHE 


Key to Eastern Species following that of Small’s Flora of the 
Southeastern United States. Only the species in italics in the key 
are known to occur in North Carolina. 

Corollas expanding with or before the leaves 


Corollas red or orange or yellow 
Flowers with the leaves 


Corolla tube glandular outside............... (1) A. calendulacea Mx, 
Tube merely pubescent outside................-. (2) A. speciosa Willd. 
Flowers: before the loaves..:..... . »ssh&< «saves claw alele ds (3) A. austrina Small 


Corollas white, pink, or purplish 
Low stoloniferous shrubs, under 5 dm. high 
Flowers white, tube glandular, funnel-form...... (4) A. atlantica Ashe 
Flowers purplish, only back of lobes glandular, tube cylindrical 
(5) A. neglecta Ashe 
Not stoloniferous, more than 5 dm. high 
Leaf blades pubescent beneath 
Corolla tube pilose, dilated above middle 
Leaves not glaucescent under pubescence 
(6) A. rosea Lois.-Desl. 
Leaves glaucescent under pubescence (7) A. alabamensis* n. ¢. 
Corolla tube villose, apex abruptly expanded (8) A. canescens Mx. 
Leaf blades strigose only on midrib beneath....... (9) A. nudiflora L. 
Corolla expanding after the leaves 
Leaf blades glabrous beneath or with scattered hairs (except var. of (10) 


Midnerve strigose beneath at maturity................ (10) A. viscosa L. 
Midnerve glabrous at maturity 
heaves (serrnlatee.,..< \.:4cccnetais 6 pista hevacerne sees (11) A? serrulata Small 
Leaves with ciliate margins 
Corolla glandular pilose............... (12) A. arborescens Pursh. 
Corolla nearly glabrous .s\).is sosts on clea rater (13) A. prunifolia Small 


Azalea speciosa should be looked for in North Carolina near the 
base of the Blue Ridge between Jackson and Polk counties. 
The following varieties have been reported from or should be 
looked for in North Carolina: 
A. nudiflora glandifera Porter. It has the pedicels and corolla 
tubes more or less glandular pubescent. 


* Rhododendron alabamense Rehd. Azal., 141, 1921. 
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A. atlantica luteo-alba Coker. It is distinguished by its finely 
pubescent leaves. 

A. viscosa glauca Ait. It differs from the type in its glaucus 
leaves. It should occur in the coastal plain. 

A. viscosa tomentosa Hort. (A. tomentosa de G. Bot. Cult., 2nd. 
ed., 3: 336. 1811). This has the leaves more or less pubescent. 
(Cumberland Co., near Manchester). 


A. viscosa hispida Wood. The branchlets are hispid. It has not 
been found south of Pennsylvania but might occur in moun- 
tain swamps in North Carolina. 


A. viscosa montana n. e (Rhododendron v. var. Rehd. <Azal., 
164. 1921). This has been found only in the mountains of 
North Carolina. It differs from the type chiefly in the pu- 
bescent winter buds. 


A. arborescens Richardsonu n. e. (Rhododendron a. var. Rehd. 
Azal., 168. 1921). This is a shrubby form which occurs on 
the summits of high mountains in North Carolina. 


The following varieties which have been reported from further 
south do not occur in North Carolina: 


A. canescens candida n. ce. (Azalea candida Small. Bull. Torr. 
Bot. Club 28: 360. 1901). Differs from the type in the glau- 
cescent and densely pubescent leaves. 


A. serrulata georgiana n.e. (Rhododendron s. var. Rehd. Azal., 
156. 1921). This differs from the type chiefly in its densely 
pubescent winter buds. 


A. viscosa aemulans n. e. (Rhododendron v. var. Rehd. Azal., 
165. 1921). This variety, which has been found only in Ran- 
dolph County, Georgia, differs from the type chiefly in its 
larger leaves. 


Note oN RHODODENDRON—During the past year considerable additional information has 
been secured concerning the two small early flowering rhododendrons of the southern 
Appalachians. Rhododendron carolinianum Rehd., the rose flowered plant, is not uncom- 
mon, particularly on dry standstone sites, in North Carolina and Tennessee to the north of 
the French Broad river valley. To the south of this valley, and particularly to the south of 
Mill Creek along the Blue Ridge at relatively low altitudes on moist cool sites, occurs the 
white flowered plant, Rhododendron Margarettae n. ec. (R. carolinianum var. Margarettae 
Ashe, Rhod. 28: 177. 1921) which on account of its different habitat and distinct dis- 
tribution can probably best be regarded as specific. 


Forest SERVICE, 
WASHINGTON, D. C. 


NOTES ON THE REPRODUCTION OF HYDRA IN THE 
CHAPEL HILL REGION 


By H. S. Everett 


In the course of an investigation dealing with the germ cells of 
Hydra during 1920-1921, a number of observations were made on the 
occurrence and habits of hydras in the region around Chapel Hill. 
The work continued over a period from October until June, and it 
is the purpose of this article to record briefly such data as may be 
of general use and interest to the worker on Hydra in the Chapel 
Hill region. 

Two species, H. viridis and H. grisea, were found throughout the 
period in collections of leaves, trash, and green algae from pools 
and swamps near the town. In the spring they occurred in much 
greater abundance out of doors than in the fall and winter. 

H. grisea was always found budding vigorously, but showed no 
sex organs until late in May, when some specimens which had re- 
mained in aquaria in the laboratory for about two weeks developed 
gonads. Although green hydras were not found in a sexual state 
out of doors until April, animals could be found in the laboratory 
with gonads at nearly all seasons. This species (H. viridis) appeared 
in three aquaria, the material of which was collected early in October. 
The hydras underwent a period of vigorous budding, after which 
about the first of December large numbers developed sex organs. 
This sexual period lasted about a month. After it had ceased the 
animals in two of the aquaria seemed to be well-nourished and con- 
tinued to bud for some months, but never returned to the sexual 
state. Those in the third aquaria seemed to be underfed, budding 
practically ceased, and they began to grow smaller. <A careful exami- 
nation of them about February the first revealed the fact that eighty- 
two per cent of them possessed male sex organs. This observation 
was in complete agreement with the statement often made that the 
spermaries are produced as a result of starvation. But though this 
may be one stimulus for the production of the sperm, it is certainly 
not the only one, at least in H. viridis, for the ovaries are never 
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found without the spermaries also, and the ovaries are found only 
in well-fed animals. 

The period, then, most favorable to sexual reproduction in Hydra 
in this region begins in April and continues through May, and since 
no cessation was noted at the time observations were discontinued, we 
may conclude that it probably extends on into the summer. 

The course of the development of the egg in Hydra viridis was 
followed in some detail. The egg arises from numerous ordinary 
interstitial cells, which first enlarge beneath the epithelial ectoderm 
and then coalesce to form a single egg. One nucleus persists as the 
egg nucleus, the rest degenerate. The coalescence is at first by simple 
fusion of the central cells to form a large central mass, which then 
ingests the peripheral cells in an amoeboid fashion. 

My observations are in general accord with those of Jannreuther 
(Biological Bulletin 14, 16) and Wager (Biol. Bull. 18). 

The subsequent development has been often described and is well 
known. The time required for the development of the egg until its 
extrusion through the ectoderm is about four days, while about three 
weeks are consumed after the extrusion through the ectoderm before 
the young hydra is hatched. These observations were made on animals 
kept in laboratory vessels where it was also found that the number of 
extruded eggs which fail to develop either from non-fertilization or 
other causes is very large. It was not possible to determine whether 
these same facts hold for the out-of-door environment. 


CHAPEL Hitt, N. C. 


CHEMISTRY IN ITS RELATION TO THE STATE WATER 
SUPPLIES 


By G. F. CatLetrr 


Twenty years ago in comparison to the possible development the 
chemist and applied chemistry were utilized very little in solving 
industrial problems. It has been interesting and gratifying to ob- 
serve how the utilization of the chemist has broadened until in recent 
years most large corporations and big industries have their own re- 
search laboratories and control by chemists over their processes and 
raw material. 

In the field of municipal utilities the late Dr. Baskerville in his 
book ‘‘Municipal Chemistry’’ has covered very fully how chemistry 
is concerned very essentially in most all of our municipal activities. 
In particular may be mentioned water supply and water purification, 
sewage disposal, waste and garbage disposal, gas supply, quality of 
materials such as cement and paving materials. While the appli- 
cation of the chemical data, except in very large organizations, is 
usually made as part of the work of the sanitary engineer, the solution 
of the chemical problems must rest with the chemist. 

Almost as far back as the history of the science dates the chemists 
have developed analytical methods and made investigations that 
cover the properties and quality of natural waters for domestic and 
industrial uses. 

As the cities and town have grown and the population has col- 
lected in more or less congested groups, it has become necessary, in 
North Carolina as elsewhere, to utilize sources of water supply which 
require very elaborate purification to render them suitable for 
domestic and industrial purposes. It has also been necessary to devise 
treatments of sewage and wastes in order to prevent their contami- 
nating these public water supplies. 

North Carolina now has over fifty towns and cities where it is 
necessary to filter and purify an unacceptable surface water in order 
to obtain a suitable public drinking supply. In general only the very 
smallest towns are able to utilize natural underground water sup- 
plies, and even those frequently require chemical sterilization. As 
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the towns grow the number of purification plants are rapidly in- 
ereasing. 

Almost the universal method for purification is the so-called me- 
chanical or rapid sand filtration involving the coagulation of the water 
with aluminum hydrate and the preparation of a film of this chem- 
ical as a medium through which the water is filtered. In conjunction 
with this is chemical sterilization with chlorine. These processes 
are basically chemical ones, and difficulties encountered in their use 
must be largely solved through chemistry. The mechanical features 
in both eases have been very highly developed, and such lack of 
efficiency as is found is chiefly due to the chemical features. 

When mechanical filtration first began to be utilized aluminum 
sulphate (commonly ealled filter alum) was used and the hydrate 
serving as coagulent prepared by adding soda ash sufficient to react 
with the aluminum sulphate required and to furnish sufficient ex- 
cess to insure complete precipitation of the alum. 

While the process was in general recognized as a success, different 
waters reacted differently using the same amount of chemicals, and 
on the same type of water poor coagulation was frequently expe- 
rienced and in many eases the reaction involved did not complete it- 
self until after passing the filters with precipitation in the water 
mains. These troubles were experienced particularly in the case of 
waters with considerable vegetable stain such as are found in eastern 
North Carolina. 

About the year 1915 several engineers, including the writer, called 
attention to the fact that what was involved in the whole process 
was so-called ‘‘colloidal chemistry.’’ It was well recognized that 
aluminum hydrate was precipitated in colloidal condition and its 
coagulation followed the known action of such physical condition. 
The finely divided clay and organic matter was obviously in colloidal 
condition, and Thorndike Saville, working in the Harvard Laboratory, 
proved that the vegetable coloring matter was in colloidal suspen- 
sion. It was also determined that the clay was negatively charged 
and aluminum hydrate and coloring matter positively charged. It 
was suggested that the proper application of aluminum sulphate and 
the ratio of this to alkali present was one of ionization balance. 

Due largely to the fact that ‘‘colloids’’ and ‘‘ions’’ represented 
something surrounded by impenetrable mystery to the average engi- 
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neer and water works man, a proper investigation of the matter 
has been very slow to start. During recent years, however, a great 
deal of interest has been awakened, and we find no convention of 
water works people whose program does not include at least one 
paper on hydrogen ion determination in the control of water treat- 
ment. Quite a little work is being done on the subject in various 
parts of the country and with recent development of simple methods 
for determining hydrogen ion concentration value, the outlook is good 
for some valuable data of practical value. At present there is very 
little useful information developed regarding the whole matter. 

Another problem, entirely a chemical one, is trouble experienced 
in the corrosion of mains and plumbing or the deposition of in- 
crustants in these mains. With the natural waters we felt as if we 
knew the causes of this and remedies. With the chemical and phys- 
ical condition of the water disturbed by the artificial means em- 
ployed for purification, the matter is very much complicated. Such 
data as has been collected would indicate that the hydrogen ion con- 
centration figures would solve this difficulty. The field at present, 
however, has been very little explored, the most important contri- 
bution to the subject being a very interesting paper by some Dutch 
chemists. In the case of chlorine sterilization the chief difficulty is 
to prevent chemical combination of the chlorine with waste by- 
products causing tastes and odors. . 

A fourth very important state problem, which we must look 
chiefly to our chemists to solve, is the interference with sewage dis- 
posal plants by dye house wastes. From various parts of the state 
we are having complaints of the functioning of municipal sewage 
disposal plants being entirely or partially destroyed by dye house 
wastes from textile plants. The chief trouble seems to be from bleach, 
sizing, and dyestuffs, of which the sulphur blacks seem to be the worst 
offenders. If we cut these out of the municipal sewerage and deposit 
in some adjacent small stream a nuisance is the usual result. The 
problem is how to treat these wastes so as to render them non- 
injurious to the disposal plant process, or how to change the dis- 
posal plant process so as to handle them, or else how to treat them 
separately and secure disposal without nuisance. 

Upon inquiry there seems to be little information developed in 
other parts of the country in regard to the matter, chiefly because 
most of the textile communities that might have investigated have 
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larger streams for disposal than in our state. North Carolina, as 
you are aware, is a leading textile state and the problem is one of 
importance to us and of general interest. 

Some of the other states, notably Massachusetts, have contributed 
to a large extent to our knowledge of such subjects, largely through 
cooperation with their institutions of learning, through State De- 
partments and the scientist concerned. There are certain features 
of the problems cited, especially in regard to the treatment of colored 
waters and the textile waste, which are peculiarly North Carolina 
problems. . 

These problems have been brought to your attention with the 
hope that the chemists may interest themselves in their solution. If 
it is not possible to do actual work upon them, the clearer under- 
standing of such problems by virtue of chemical knowledge will put 
the chemist in better position to influence codperation in their solution. 
There are no state funds available at present for such work, but the 
Department of Engineering at the University has offered to cooperate 
and the State Board of Health through its various bureaus con- 
cerned is always willing to lend any assistance in its power. 


RALeIeH, N. C. 


THE LACCARIAS AND CLITOCYBES OF NORTH CAROLINA 
By W. C. Coker and H. C. BrarpsLEE 


PLATES 1 AND 7-33* 
LACCARIA 


Cap fleshy, thin, usually depressed or umbilicate in center; gills 
thick with blunt margin, broadly adnate, in our species usually 
notched at the stem (sinuate), colored conspicuously, whitened by 
the abundant spores which are subglobose, white or faintly lavender, 
and echinulate; stem central, fibrous and toughish. Volva and veil 
wanting. Gregarious or cespitose. Our four species of this genus 
are very closely related, so much so that certain authors (Ricken, Die 
Blatterpilze 2: 382. 1915) consider L. laccata, L. amethystea and L. 
tortilis all forms of the same species, and from our observations in 
several sections of the country it is impossible to define any one of 
these three species so as to exclude forms of the others. In the 
vicinity of Chapel Hill we find that L. laccata can be distinguished 
usually by its thinner, closer, less irregular gills which are nearly 
always paler than in the other two, where the variations are more 
confusing. 

The genus differs from Clitocybe in the globose, asperulate spores 
and thicker gills which are more broadly attached, often sinuate and 
not decurrent except by a little tooth. The attachment of the gills 
is about as in Tricholoma, but that genus is separated by thinner gills 
and different spores. In L. ochropurpurea, L. amethystea and L. 
tortilis the mature gills are conspicuously white-dusted by the spores, 
but in the commonest forms of L. laccata this character is not well 
shown. 

ImporTANT AMERICAN LITERATURE 


Kauffmann, Agaricaceae of Michigan, p. 747 (as Clitocybe). 1918. 
Morgan. Journ. Cincinnati Soc. Nat. Hist. 6: 66 (as Clitocybe). 1883. 
Murrill. N. Am. Flora 10: 1. 1914, 

Peck. Bull. N. Y. St. Mus. 157: 90. 1912. 


*In the colored plate, figures 1, 6 and 7 were painted by Miss Dorothy Coker, figures 


2 and 5, by Miss Cornelia S. Love and figures 3 and 8, by Miss Alma Holland. All spore 
drawings are by Miss Holland. Unless otherwise stated photographs are by Coker and 
are natural size. Those by Beardslee ure noted “Photo by B.” The written matter is by 


Coker unless otherwise stated. 
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PLATE 7 


LACCARIA OCHROPURPUREA. No. 641. 
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KEY TO THE SPECIES 


Plants usually more than 5 em. broad................. L. ochropurpurea (1) 
Plants less than 5 em. broad 
Cap not marked by lines; plants larger than L. tortilis 


CS RLIEIG CLUS Tc Ab [LUE ce Bae ea ole L. laccata (2) 

Calls) Gheay ae sano eis UI Oars Gorn Migr em cIee CRG CI eia L. amethystea (3) 
Cap distinctly striatulate; plants small; growing in 

Manas Setar are Yale elec Vel ah aioe (ase e hat a ihc setae) 0) 4 oF eves erate win ies no. « L. tortilis (4) 


1. Laccaria ochropurpurea (Berk.) Peck. 


PLATES 7 AND 33 


Cap 6-13 em. wide, almost smooth or slightly sealy, often irreg- 
ular and contorted, bright tan or clay color with a very light tint of 
pink from the flesh which is hght pink, thick in the center and thin 
on the margin. 

Gills purplish-lilac, changing to grayish purple and powdered by 
the spores, distant, very wide, thick, wavy and irregular, usually 
sinuate and slightly decurrent by a tooth. 

Stem stout, usually crooked, variable in length and thickness, 
tough and firm, solid, color of cap, longitudinally marked with pink- 
ish fibers. 

Spores (of No. 1311) globose, minutely asperulate, 6.8-8.54 in 
diameter. A thick spore print of No. 4675 shows a decided tint of 
pale lavender like the gills. 

Not rare in uplands along banks, roads and margins of woods. 

For other illustrations see Peck, Bull. N. Y. St. Mus. 116: pl. 106, 
figs. 7-11. 1907; McIlvaine, Am. Fungi, pl. 24, figs. 1-4. 1900; Hard, 
Mushrooms, pl. 11. . 

100. In Battle’s Park, October 8, 1904. 

179. In mixed woods near creek, Glen Burnie Farm, October 1, 1908. 
181. Under log in damp ground, October 1, 1909. 

641. From under the sides of rocks by a road, October 28, 1912. 

761. Along ‘‘Fern Bank,’’ September 14, 1913. 

1311. By road through deciduous woods, October 7, 1914. 


4675. Mixed woods near Pittsboro road, October 15, 1920. Spores pale lavender, 
spherical with sharp straight mucro, minutely echinulate, 7.2-9.54 thick. 


Asheville. Rather common. Beardslee. 
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2. Laccaria laccata (Scop.) Berk. 


Puates 1, 8 AND 33 


Cap about 3 em. broad on the average, running up to 6.5 em., 
deeply depressed in center and often irregular and split, hygropha- 
nous, surface light tan or reddish buff or buffy cinnamon when not 
soaked, a deeper reddish-ochraceous when soaked, rarely striatulate, 
squamulose-seurfy or only somewhat channelled and fibrous. Flesh 
very thin, tough and elastic, a light pink color, taste slightly woody, 
odor none. 

Gills broad, up to 1.2 em. wide, not crowded, sub-distant or dis- 
tant, thickish and wavy, entire, or at times fragmented and irregular, 
notched at the stem, slightly decurrent by a tooth, pinkish with a 
tint of lilac. 

Stem 2.5-9 em. long, 3-6.5 mm. thick, sub-equal or irregular, at 
times bulbous, hollow, tough, elastic, fibrous, color of cap with a tint 
of flesh. 

Spores (of No. 854) spherical, echinulate, 6.6-7.6» in diameter not 
including the spicules. Basidia (of No. 5118) 7.4-8 thick, 4-spored ; 
hymenium about 48, thick, with a few erystals; threads of the gill 
flesh 3.7-7p thick, constricted at the septa, and parallel in section. 

The species is common in pine and not rare in deciduous woods, 
growing often in populous colonies and sometimes in fairy rings. 
It is distinguished from L. tortilis by stouter form, thinner, closer 
and more regular gills, usually non-striate cap, and preference for 
upland woods. It differs from L. amethystea in absence of deep pur- 
plish color and thinner, closer and more regular gills. 

For other illustrations see Cooke, Ills. Brit. Fungi, pl. 139; Hard, 
Mushrooms, figs. 76 and 77; McIlvaine, Am. Fungi, pl. 24, fig. 10. 
1900; Murrill, Myeologia 3: pl. 40, fig. 4. 1911; Peck, Rept. N. Y. 
St. Mus. 48: pl. 25, figs. 1-13. 1895. 


854. Growing abundantly in a large fairy ring about twenty feet in diameter 
under pines, September 18, 1913. 

1413. Under pines near Piney Prospect, October 24, 1914. 

1435. Under pines near Piney Prospect, October 28, 1914, Spores spherical, 
echinulate, 6.8-7.6u. 

1495. Under pines, Glen Burnie Farm, December 8, 1914. 

2960. On ground in pine woods, December 3, 1917. 

2993. On ground in pine woods, March 25, 1918. 

3176. Low place in deciduous woods east of cemetery, October 3, 1918. Spores 
6.3-8.54 thick. 


‘$98 ON ‘“VIIVOOV'T VIUVOOVT 
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3181. Among pines near branch southeast of campus, October 5, 1918. Spores 
white, spherical, papillate, 7-9u. 

3246. By branch in deciduous woods, Lone Pine Hill, May 25, 1919. Spores 
7-9.3 thick. 

5118. By branch south of campus, May 19, 1922. Typical. Spores spherical, 
minutely spinulose (less so than in L. tortilis), 6-8.2u4 thick. 


Asheville. Very common. Beardslee. 

Blowing Rock. Atkinson. 

Reported by Curtis. 

South Carolina: Hartsville. In pines and in a field, December 26, 1918 
(No. 72. W. C. Coker, coll.). 


3. Laccaria amethystea (Bull.) Murrill. 


PLATES 1 AND 33 


Cap'1-5 em. broad, irregularly crumpled and lobed, in age the 
margin uplifted or reflexed; the center depressed or plane; surface 
like rougish leather, the margin finely scaly, not squamulose all over 
as typically in L. laccata, color when not soaked avellaneous to vi- 
naceous buff (Ridgway); when young and when soaked almost as 
purple as the gills, the margin retaining the purple longer. Flesh 
very thin, up to 1 mm., toughish, concolorous, taste and odor musty- 
fungoid. 

Gills distant, thick and leathery, up to 3.3 mm. thick, irregular, 
broadly adnate and decurrent by a tooth, color at all ages deep violet 
purple (about dull Indian purple of Ridgway), at maturity dusted 
with the spores. 

Stem 3-5 em. long, 2-5 mm. thick, sub-equal or enlarged below or 
above, crooked, tough, color of cap or whitish with a scurfy sur- 
face; in youth purple; stuffed then hollow. 

Spores white, spherical, minutely spinulose, 7-10, thick. Basidia 
5.5-8.5y thick, 2-4 sterigmata. Hymenium 48» thick, with many 
erystals. Threads of the gill flesh 3.7-8p. 

In damp places in woods; rather rare. This plant has been con- 
sidered a species or a variety or only a form of C. laccata. Peck 
treats it as a good species, Kauffman as a variety and Ricken as only 
a form. Careful comparison in the fresh state of this and the com- 
mon form of C. laccata shows the latter to differ in broader, thinner, 
less distant and notched gills of a pinkish-lilac (much paler) color, 
cap more squamulose and buffy-cinnamon in color. For other illus- 
trations of L. amethystea see Mycologia 10: pl. 8, fig. 2. 1918; 
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Bulliard, Herb. Fr., pl. 198; Bolton, Hist. Fung. Halifax, pl. 63. 
1788. 


3622. In pine woods by Bowlin’s Creek, November 9, 1919. 
5046. Among moss on side of stream, May 8, 1922. 

5119. On earth by ditch in deciduous woods, May 19, 1922. 
5178. By branch south of campus, June 6, 1922. 


Asheville. Occasional. Beardslee. 


4. Laccaria tortilis (Bolt.) B. & Br. 


PuatEs 1, 9 and 33 


Caps usually irregular, often cespitose, 0.5-2.3 em. broad, rounded 
or nearly plane to depressed in center, usually slightly unbilicate, 
nearly smooth or minutely fibrous roughened, hygrophanous, and, 
when water-soaked, of a dull fleshy-brick color with a distinetly 
deeper-colored line over each gill (striatulate) ; when dry pale fleshy 
buff and not striatulate or very faintly so. Flesh colored like the 
surface, brittle, very thin and translucent, only one-third mm. thick 
near stem; taste rather nutty. 

Gills broadly adnate, usually sinuate, sometimes squarely attached, 
very slightly decurrent, distant, thick, irregular, the margin blunt, 
deep flesh color and distinetly powdered with the white spores. 

Stem 1.2-3.5 em. long, 1-2 mm. thick, equal, often twisted and 
bent, sometimes flattened; surface pruinose, flesh tough, fibrous, a 
small hollow, color of cap, the base often somewhat swollen and at 
times white with mycelium. 

Spores white, spherical, echinulate, 7.4-10.3», (up to 1lp, count- 
ing the spines) usually about 9.24 in diameter. Basidia (of No. 
5121) 9.7-12.5 x 30-37p with 4 long, curved sterigmata. 

Frequent in damp depressions in woods and along wet ditches. 
The spores of our plant are smaller than the dimensions given by 
Peck, but they are distinctly echinulate and also very variable in 
size in the same plant. The striatulate cap, small size, irregular 
shape, thick distant and leathery gills, large spores and swampy 
habitat would indicate this species. Patouillard describes and fig- 
ures the basidia as two-spored (see below). They have not been so in 
the plants we have examined. 

For other illustrations see Mycologia 10: pl. 8, fig. 4 (as ZL. 
striatula). 1918; Bolton, Hist. Fung. Halifax, pl. 41. fig. A (as 
Agaricus tortilis). 1788; Patouillard, Tab. Fung., No, 105. 


No. 1954. 
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1951. In grass in moist place in Arboretum, November 1, 1915. 

2454. Swamp of New Hope Creek, September 28, 1916. 

2886. Swampy woods near Strowd’s pasture, October 8, 1917. Spores spherical, 
echinulate, 7.4-104 thick, not counting spines, 8.4-1ly counting spines. 

3199. Low place with moss, October 7, 1918. Spores 7.4-9u thick. 

3344. In moss by creek below Glen Burnie Farm, June 11, 1919. Spores 7-10u 
thick. 

3612. Damp ground near swamp, Strowd’s low grounds, November 8, 1919. Cap 
5-13 mm. broad, almost glabrous, striate when moist, deep reddish- 
ochraceous. 

5121. On earth by branch south of campus, May 19, 1922. A very small lot; 
gills sometimes decurrent, spores spherical, spinulose, 7.7-10.5, thick. 


Asheville. Rare, usually in damp places. Beardslee. 


CLITOCYBE 


Cap mostly depressed in center or infundibuliform, the margin 
involute to near maturity. Gills narrowed toward the stem, typically 
decurrent, but often only shghtly so and rarely they are even a little 
notched at the stem. Stem fibrous externally, more or less elastic, not 
brittle, sometimes hollow, continuous with the flesh of the cap. Spores 
typically white, but flesh color in C. cerussata and tinted pinkish- 
lavender in C. cyathiformis, elliptic, pip-shaped or rarely subspher- 
ical, smooth in all species here included, said to be minutely echinu- 
late in C. pulcherrima, C. albissima and C. maxima. Volva and 
annulus wanting. Growing on the ground or among leaves or on 
rotting wood. One species, not yet found here (C. nebularis), is the 
host of a parasitic Volvaria (V. Loweiana. See Mycologia 8: 65. . 
1916) and another (C. peltigerina) grows on the lichen Peltigera. 
This is not always an easy genus to determine as the gills are vari- 
able, in some cases approaching Tricholoma, in others Collybia or 
Omphalia. A few of the species are poisonous, as C. illudens and C. 
morbifera, but these are not classed among the deadly mushrooms. 
Clitocybe sudorifica causes profuse perspiration. 


ImMporTANT AMERICAN LITERATURE 


Kauffmann. Agaricaceae of Michigan, p. 715. 1918. 

Morgan. Journ. Cincinnati Soc. Nat. Hist. 6: 66. 1883. 

Murrill. N. Am. Flora 9: 396. 1916; Mycologia 7: 256, pls. 164-166. 1915. 
Peck. Rept. N. Y. St. Mus. 23: 75. 1872. Bot. ed. Also Rept. 157: 59. 1912. 
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KEY TO THE SPECIES 


Plants growing from bases of stumps or from underground wood; densely cespi- 
tose and usually large 
Plant brownish.or honey-colored........:csseccesvurcesencs C. tabescens (3) 
Entire plant orange colored.........-.ceececrecsscceccnceees C. illudens (5) 
Plants not wood-loving, or if so not densely cespitose and smaller 
Plants with a distinct odor of sweet fennel or anise 
C. odora var. anisaria (14) 
Not with an odor of sweet fennel 
Gills golden yellow; cap fibrous lined..................- C. ectypoides (15) 
Gills not golden yellow 
Cap white or tan or buff or fleshy-buff (see also C. infundibuliformis) 
Cap large, up to 7-11 em. broad 


Gills broad, margin of cap lobed or crenate.......... C. gigantea (1) 
Gills narrow, crowded, margin of cap even; plants strongly 
(GRIDILORG «ona + « v-s u's chet Soot ed aera Sian ge eee C. cerussata (4) 


Cap smaller 
Cap marked by more or less concentric rivulose lines. .C. rivulosa (20) 
Cap not so marked 
Growing in open grassy places, cap light buff or fleshy- 


21) eA AER eC oi po cer ce - C. dealbata (19) 
Growing in woods among leaves and sticks, or on much decayed wood 
Growing among pine needles.....:....-.2+e5-+0- C. pinophila (17) 


Not growing in pine woods 
Stem base with radiating hairs; spores 
Ra NS BIS. Die celery etchode ah Ala dias. stan iala he grater rae C. setiseda (18) 


Stem base without hairs.............. C. adirondackensis (11) 
Cap chestnut red or reddish when young, often ochraceous or lighter in 


age 
Center of cap cracked into minute, inherent scales C. sinopicoides (10) 
Waniter nob Cracked’. 5 \\\cieveroatrel clue wales why octane C. infundibuliformis (9) 

Cap blackish-brown or grayish-brown or grayish buff or umber or drab 

when moist 
Taste and odor strongly farinaceous, the cap brown or smoky 

Stem Long, White, DElLOWiew n\43.0<)erls io) reste se ee C. cyathiformis (16) 

Stem shorter, not white below...........+..+00- C. subnigricans (8) 
Taste and odor not farinaceous 

Strongly cespitose, usually with stems fused below into a solid mass 


Cap grayish-brown to sordid brown.........+..++: C. twmulosa (6) 
Cap smoky gray to nearly white...............+. C. conglobata (7) 
Not strongly cespitose 
Gills very narrow, not over 2 mm. wide..........+++0: C. sp. (2 
Gills over 3 mm. wide 
Stem base much swollen......5.ccesscu wa ss ees C. clavipes (12) 


Stem base Not’ WOMEN. . <ss% Aor ociv'd tine ERs ate eS C. media (13) 


1922] THE LaccaRiAs AND CuiITocyBEs oF NortTH CAROLINA 105 


1. Clitocybe gigantea Sowerby. 
Pazillus giganteus (Sow.) Fr. 


PLATE 10 


Solitary or gregarious; cap up to 11 em. wide, depressed in center, 
the margin inecurved when young, drooping at maturity, usually very 
irregular and much lobed; surface whitish to light tan or buff, darkest 
in center, smooth or somewhat pruinose in angles. Flesh white, soft, 
mild. 

Gills not crowded in our plants, irregular, thick, wide, up to 8 
mm., many short ones, none forked, decurrent, but ending abruptly 
and bluntly and therefore somewhat resembling a Tricholoma. The 
gills are slow to develop and in young plants are very narrow. 

Stem short, about 5 em. long, 1.5-2 em. thick, the outer part 
fibrous, the inner softer and often cavernous, usually bent at base; 
surface smooth, color of cap, pure white at the very top. 

Spores white, smooth, elliptic, 3.5 x 5-6. 

A peculiar plant that is not closely related to other species of 
Clitocybe. It is said to reach a breadth of over a foot. The thick 
and irregular gills remind one of a Pazillus, but they .do not separate 
easily from the cap. 

This agrees well with C. gigantea in the sense of Kauffman except 
that the gills are not very crowded. Ricken does not give the spores. 

For other illustrations see Gillet, Champ. Fr., pl. 124 (100); 
Quélet, Champ. Jura et Vosg. 1: pl. 3, fig. 3. 1872; Cooke, IIls., pl. 
106; Juillard-Hartmann, Icon. Champ. Sup., pl. 31, fig. 5. 


1765. Low damp woods near pines at foot of Lone Pine Hill, September 12, 1915. 
1832. In woods loam by branch south of Raleigh road, Rocky Ridge Farm, 
September 20, 1915. 


Asheville. Rare. Beardslee. 
Reported by Schweinitz. 
2. Clitocybe sp. ? 


PuaTEs 11 AND 33 


Cap 4-13 em. broad, broadly depressed in center, the margin plane 
or crimped and drooping, surface quite glabrous, sub-shining, viscid 
when wet; color buffy drab, between drab and wood-brown of 
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Ridgway. Flesh white, only up to 1 em. thick at stem, very thin 
toward margin, pliable, taste mild and sweetish, odor faint. 

Gills crowded, very narrow, hardly up to 2 mm. wide, fading to 
a line toward the stem and barely reaching it; color exactly that of 
the cap. 

Stem 2-4.5 em. long, 1.3-1.8 em. thick, color and surface of cap, 
solid, soft and pliable, the base sub-bulbous. 

Spores white, smooth, sub-elliptic to pip-shaped, 2.2-3 x 4-5y. 

A peculiar plant, sharply marked by the uniform gray-buff color, 
soft, tough flesh and peculiar gills. In the absence of young stages 
and with only one collection we prefer not to name it as yet. It may 
possibly be a form of C. nebularis, but a plant of that species from 
Peck has gills broader and much darker in the dried state. It can- 
not be C. geotropa. In his Funghi Mangerecci, pl. 39, Bresadola 
shows an obviously different plant and the spores are nearly globose 
and rough. A plant from his herbarium, so labelled, has spores that 
are rough, but they are 3.7-4.6x 5-7» and are not like those of our 
plant. Ricken gives the spores at 5-6 x 6-7u and does not mention 
roughness. Clitocybe geotropa is also recognized as being a paler 
plant than ours and as being umbonate or gibbous and it could hardly 
be brought to the thinness in center shown by No. 3210. (See Bresa- 
dola as cited above; Ricken, pl. 101, fig. 1; Bulliard, pl. 573; and 
Dumée, Atlas Champ., Ser. 2, pl. 15). Clitocybe lenticulosa Gill. is 
also easily different, with its rough cap and white, long decurrent gills 
(Champ: Fr., p. 144, pl. 130). 


3210. In sandy humus near branch west of Meeting of the Waters, deciduous 
woods, October 9, 1918. 


3. Clitocybe tabescens (Scop.) Bres. 
Pleurotus caespitosus B. & C. 
Clitocybe caespitosus (B. & C.) M. A. C. Not C. caespitosa Pk. 
Clitocybe monadelpha Morg. 
Agaricus gymnopodius Bull. 


PuaTEs 12 AND 33 


Plants densely cespitose at bases of old stumps, and from under- 
ground wood. Cap up to about 7 em. broad, usually between 4 and 
6 em., expanded and broadly umbonate; tawny or honey color, edge 


CLITOCYBE GIGANTEA. No. 1765. 
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CLITOCYBE TABESCENS. No. 1342. 
Reduced about one-fifth. 
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often water-soaked and darker, the surface with small scales in center, 
elsewhere nearly smooth or squamulose-fibrous. 

Stem long, dark grayish-brown, tapering to a point at the crowded 
base, solid, tough, fibrous, bent and usually twisted. 

Gills decurrent, not crowded, pale flesh color, often with brown 
stains. 

Spores variable in size in the same plant, white, subspherical to 
elliptic, smooth, (of No. 1342) 4.8-7.4 x 6.5-10p. 

This plant, which is very common around stumps from July to 
cold weather, is much like Armillaria mellea in habit, color, texture 
and general appearance, and is easily confused with it in passing. 
The entire absence of a veil in Clitocybe tabescens will, however, 
serve as an easy distinction between the two plants. Pure cultures of 
these two species grown on wood, agar and other media by one of our 
students, Mr. H. R. Totten, Instructor in Botany, shows that C. 
tabescens is certainly distinct from A. mellea. In agar, the rhiz- 
omorphs of the latter are blackish, while those of the former are 
white. (Jour. E. Mitchell Sci. Soc. 33: 96. 1917). 

There seems no doubt that Bresadola is right in considering the 
American plant the same as the European. His good figure is just 
like our plants (Fung. Trident. 2: 84, pl. 197. Bulliard’s plate, No. 
601, is less good). Other synonyms given by Bresadola are Agaricus 
socialis DC., Agaricus inarmillatus Schulzer, Lentinus caespitosus 
Berk. Still other names, according to Murrill (N. Am. Flora 9: 420. 
1916), are Clitocybe aquatica Banning and Peck and Armillaria 
mellea exannulata Pk. See a note by Lloyd in Mye. Notes 6: 54. 
AOA. 

While not of first-class quality, this species is edible and on ac- 
count of its great abundance could probably be made valuable to the 
housekeeper. It can be easily dried and put away for future use. 

For other illustrations see Morgan, Journ. Cinn. Soc. Nat Hist. 6: 
pl. 4, 1883; McIlvaine, Am. Fungi, pl. 27 (as C. monadelpha), 1900: 
Hard, Mushrooms, pl. 12 (as C. monadelpha), 1908. 

182. On underground wood, campus, September 27, 1908. 
188, 198, 1342, 1373, 2453, 2457. All around stumps or from underground wood 
in October. Spores of No. 2457 elliptic, smooth, 5-6.5 x 6-8.5u, of No. 
1373, 4-6 x 5.5-Sy. 
Asheville. Not common. Beardslee. 
Reported by Curtis (as C. cespitosus). 
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4, Clitocybe cerussata Fr. 
Clitopilus caespitosus Pk. 


PLATE 13 
The following is by Beardslee: 


Strongly cespitose ; cap 3-10 em. broad, round convex, becoming ex- 
panded and plane or depressed, white with a silky luster, often gray- 
ish white with a water-soaked appearance with age, margin thin, 
even or obscurely striate, inrolled at first. Flesh white to watery 
white. 

Gills white becoming dingy or flesh-color, narrow, crowded, many 
shorter and a few forking, sinuate-adnate to adnate-decurrent. 

Stem 7-10 em. long, usually about 1 em. thick, spongy stuffed be- 
coming hollow, silky fibrillose. 

Spores 2.5-3 x 4-5 ellipsoid, flesh color in mass. 

This is without doubt Peck’s Clitopilus caespitosus. In many 
ways, however, it is more suggestive of Clitocybe than Clitopilus. It 
is true that the spores have a rosy tint when they are viewed in 
mass, but they are much lighter than is usual in Rhodosporae. In 
fact if care is not taken to secure a good spore print they may easily 
pass for white. The fact that a number of species of Tricholoma, 
Clitocybe, and Plewrotus have spores that are not pure white lead to 
the belief that this plant might be known in Europe as a Clitocybe. 
Specimens and photographs were accordingly submitted to Bresadola 
who positively identified our plant as C. cerussata Fr., our usual form 
being variety difformis. 

We are therefore referring our plant to this species especially as 
its large size, fragile flesh and light colored spores seem to indicate 
a closer relationship with Clitocybe than Clitopilus. 


Asheville. In large masses in the margins of woods. Beardslee. 


cr 


5. Clitocybe illudens Schw. 


Puates 14, 15 anv 33 


Cap up to 15 em. broad, expanded then depressed in center, bright 
orange or golden yellow; margin elevated or drooping, surface smooth 
and glabrous. Flesh yellowish, taste and odor rather strong. 

Gills close, strongly decurrent, color of cap. 
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Stem long, solid and elastic, bent, tapering downward, color of 

cap. 
Spores (of No. 183) white, sub-globose, smooth, 4-4.6u thick. 
A large and very striking species growing in densely cespitose 
clusters from the bases of stumps of deciduous trees or from roots 
near the surface of the ground; not rare in September and October. 
It was first described by Schweinitz from this State. The entire plant 
is brightly colored and may be seen from a long distance. It is 
poisonous to most people though not classed among the deadly species. 
It is a severe emetic and may also cause intestinal derangement. For 
cases in detail see Fischer in Kauffman’s Agarics of Michigan, p. 486. 
The gills exhibit a marked phosphorescence which may be easily 
shown by looking at the plants in a dark room. 

For other illustrations see White, Bull. Conn. Geol. & Nat. Hist. 
Surv. 3: pl. 18. 1905; McIlvaine, Am. Fungi, pl. 29a. 1900; Hard, 
Mushrooms, pl. 10; Mem. N. Y. St. Mus. 4: pl. 68. 1900; Marshall, 
Mushroom Book, pl. opposite p. 70. 1904. 


183. On an oak stump near east gate of campus, September 14, 1910. 
184. Near Meeting of the Waters, on a stump, September 30, 1908. 
557. By a stump on Cameron Avenue, October 14, 1912. 

Blowing Rock. Atkinson. 

Asheville. Very common. Beardslee. 

Reported by Curtis. 


6. Clitocybe tumulosa (Kalchbr.) Sace. 
Agaricus multiformis Schaeff., plate 14. 


Puates 16, 17 anp 33 


Plants cespitose or gregarious. Cap up to 10 em. wide, convex, 
smooth, not viscid, quite irregular, the margin incurved nearly to 
maturity, remaining bent down, usually strongly lobed and crenated, 
color grayish-brown or sordid-brown, lighter on the margin, turning 
nearly black in age. Flesh about 8 mm. thick near stem, very thin 
on margin, sordid white, tender, tasteless, odorless. 

Gills not crowded at stem but much closer at margin, where there 
are very many short ones, rather narrowly adnate to the stem, not 
sinuate and varying from not decurrent in some plants to distinctly 
so in others, up to 6 mm. wide in middle, dingy white at maturity and 
somewhat dingy even when quite young. The gills are very sus- 
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ceptible to the attacks of insects or snails and are usually almost 
entirely eaten away before maturity. 

Stem up to 6 em. long, often bent at the base, in our plants usually 
fused with others into a solid basal mass, sometimes nearly equal 
above the base, again strongly expanding near the cap; when not 
fused with others the individual stems are usually decidedly swollen 
or bulbous below, but base not enlarged in the fused stems except 
as they expand into the mass; surface smooth, generally with ridges 
and grooves, almost silky-shining, dull or sordid white; flesh rather 
fragile, fibrous, solid, but softer-fibrous inside. 

Spores white, short elliptic, lateral apiculus at one end, smooth, 
4-5.4 x 5.4-6.8y. 

In Chapel Hill this species grows only in ashes, usually where 
piles of trash have been burned, a fact I have not seen mentioned by 
others. 

Cooke’s illustration of C. tumulosa (pl. 105) and Schaeffer’s of A. 
multiformis (pl. 14) leave little doubt that their figures repre- 
sent our plant. This is also true of Bresadola’s pl. 32 in Fungi Tri- 
dentini, published as C. conglobata but later said by him in a letter 
to Beardslee to represent C. cinerascens. Clitocybe fumosa FY. is lighter 
in color and has a more expanded cap. Peck’s C. multiceps might 
well be this, but is described and figured (Bull. N. Y. St. Mus. 139: 
pl. 117) as being much whiter, and photos by Kauffman (Agaricaceae 
of Michigan, pl. 157) and Clark and Kantor (Mycologia 3: pl. 52. 
1911) show a denser mass of plants. From these interpretations it 
would seem that C. multiceps is nearer C. conglobata than C. tumulosa, 
if indeed the two latter are really different. Ricken considers them, 
as well as Tricholoma pes-caprae Fr., the same. Gillet’s pl. 689 under 
the last name is just like our Chapel Hill plant. Clitocybe multi- 
formis Pk. does not seem to be different from C. multiceps (see 
Mycologia 7: pl. 164. 1915). 

Beardslee agrees that our Chapel Hill plants are C. tuwmulosa and 
that C. multiceps Pk. is the same. He believes that C. conglobata is 
different and we are giving his notes and photographs of this species 
as he understands it. 

1941. In leaves and trash under oaks, October 22, 1915. Spores elliptic, smooth, 
one oil drop, 5 x 6-7.2u. 


1989. On burnt over ground with Funaria moss, oak woods east of athletic field, 
November 17, 1915. 
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PLATE 16 


No. 1941. 


CLITOCYBE TUMULOSA. 
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2001. In ash pile, south of campus, November 23, 1915. 

2006. In ash pile, southwest of campus. Spores 3.7-5 x 5-7.4y. 

2007. In soil containing ashes with moss Funaria, woods southwest of athletic 
field, December 6, 1915. Spores elliptic, smooth, hyaline, 3.6-4 x 5.8-6.7y. 

2008. In soil containing ashes, burnt-over place in woods southwest of athletic 
field, December 8, 1915. 


7. Clitocybe conglobata Vitt. 
PLATE 18 


The following is by Beardslee : 

Cap 2-5 em. broad, at first rounded convex, becoming expanded 
with the fleshy center somewhat prominent as an obtuse umbo, smoky 
gray to almost pure white, usually darkest at the center, marked 
with darker fibrils. Flesh white, thin at the margin, rather fragile; 
no marked taste or odor. 

Gills white, close, moderately narrow, varying in attachment from 
adnexed to adnate decurrent. 

Stem white, solid, curving, furfuraceous at the top, springing in 
large numbers from a solid, white-fleshed, tuberous mass 10-12 em. 
thick. 

Spores globose, 6-7» thick. 

This species was found twice at Asheville, and seemed very dif- 
ferent from the related species with globose spores, which we have 
referred to Clitocybe tumulosa. Specimens and photos were submit- 
ted to Bresadola who referred them as above, with the statement ‘‘C. 
conglobata Vitt. Funghi Mangerecci, tab. 34, not Fungi Tridentini, 
tab. 32, which is C. cinerascens Bull.’’ 

The first figure will be found to represent our plants well. It 
shows the cap white to pale gray, and the same densely clustered 
stems springing from a dense subterranean mass. The figure in 
Fungi Tridentini does not show these features. We are referring 
our plants to C. conglobata Vitt., therefore, in the sense of Bresadola’s 
later views. As we find it the plant seems amply distinct and well 
worthy of a specific name. 


Asheville. Densely cespitose in thick woods. Beardslee. 
Linville Falls. In humus, August 24, 1922. No. 5758. Coker, coll.). 
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8. Clitocybe subnigricans Pk. 
Puates 1, 19, 20 anv 33 


Cap 7-11 em. broad, irregular, the center plane or depressed, mar- 
gin broadly drooping and more or less zoned by light terraces, much 
erimped and lobed; surface dry, nearly glabrous in places, but still 
showing in areas a fine felted tomentum, (under a lens a light, frag- 
mented, inherent pellicle is visible) ; color a peculiar buffy drab with 
blackish places where rubbed. Flesh color of cap, tough, elastic, 
very thin on marginal half, up to 6 mm. thick near stem, odor slight, 
taste rank and farinaceous. 

Gills close, many lengths, not branched, about 6 mm. wide, adnate 
or mostly decurrent, none sinuate, color of cap, then soon smoky in 
an irregular way, the distal ends remaining light longest, finally 
blackish. 

Stem 5-7 em. long, 11-16 mm. thick, nearly equal, tough, solid, 
surface smoothish to roughish, color of cap at first, then blackish; 
base deeply inserted in the leaves and without a definite end. 


Spores (of No. 3165) white, elliptic, smooth, 4-6.2 x 7.4-10p. 

This interesting plant has been compared with the type and found 
to agree, both in appearance and spores, which in the type are smooth, 
elliptic, 4.2-6 x 7-9.5p. 

3165. Deciduous woods by Battle’s Branch, October 3, 1918. 

3357. In moss bed by path to Meeting of the Waters, June 21, 1919. These two 
young plants are undoubtedly the same as above. They show that in 
the young state the cap is covered with a fine squamulose felt. The 
gills are sinuate and, when young, decurrent by a little tooth. Spores 
3.7-4.4 x 6.6-7.7y. 

3361. Same place as No. 3357, June 25, 1919. Spores smooth, elliptic, 3-3.7 x 
6.2-7.4u. 

8552. Mixed woods by Battle’s Branch, October 29, 1919. Gills very crowded. 


9. Clitocybe infundibuliformis (Schaeff). Fr. 
PuaTEs 1, 21, 22 anp 33 


Gregarious or cespitose among leaves in woods or in piles of turf. 
Cap 4-8.5 em. broad, soon depressed in center or broadly infundi- 
buliform, usually undulately, lobed and uneven, when young the mar- 
gin strongly inrolled and distinctly lined by being pressed against 
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PLATE 19 


CLITOCYBE SUBNIGRICANS. No. 3165. 


PLATE 20 


CLITOCYBE SUBNIGRICANS. 
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the gills just as in C. odora, these lines still visible or absent at 
maturity; surface finely puberulent when young and in protected 
places until maturity, usually becoming smooth or nearly so from 
the collapse of the tomentum; color in youth deep reddish tawny, 
but soon fading to a dull brownish tan, the margin pale and some- 
times zoned. Some plants are decidedly flesh color at maturity. 
Flesh white, soft, 4-10 mm. thick in center, gradually thinning out- 
ward, taste fungoid-musty ; odor slight, similar. 

Gills crowded, slightly decurrent, 2-2.8 mm. wide, some branched, 
and in No. 2512 abundantly and conspicuously veined in most of 
the plants (a few with inconspicuous veins); color pale creamy, in 
drying becoming more like the eap color. 

Stem variable in size, 2.5-3.5 em. long above ground, 5-15 mm. 
- thick, often deeply inserted, nearly equal, color of gills, nearly smooth 
where exposed, but covered with soft cottony mycelium where pro- 
tected and bound firmly to the substratum with it, center softly 
stuffed and often hollowed by grubs. 

Spores (of No. 2512) not abundant, smooth, pip-shaped with the 
small end curved, 2.4-4.5 x 5-7p. 

We are referring this to C. infundibuliformis because of its deep 
reddish color (fading to tan), only slightly tomentose cap, crowded, 
narrow gills, and spores like those of the European plant. A specimen 
from Bresadola is just like ours and has spores 3.5-4 x 5.2-7.4u. Bres- 
adola thinks that C. adirondackensis Pk. is the same, and they are 
certainly very close. A collection of the latter by Peck from Bolton, 
N. Y., is just like our plants in the dried state and has the same 
spores (3.5-4.2 x 4.5-71). However, there is a milk white plant found 
at Asheville (Beardslee) and Blowing Rock (Coker) that is ver} 
smooth and may conveniently be separated as C. adirondackensis 
(which see). 

This species is very near C. sinopicoides, from which it may be 
distinguished only in the most typical forms. In such eases the 
stouter stem, larger size, more glabrous surface and the vein-like 
ridges on the margin in youth and often until maturity serve to mark 
it. The spores are alike, and I have come to the conclusion, after 
several years of observation, that the two are only different forms 
of the same species, the larger veined form growing most often under 
cedars and pines, the smaller with smooth margin under deciduous 
trees, but not confined to them. The latter often has short, obscure 
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ridges or a series of dots near the margin which are intermediate 
between the smooth and veined extremes; smooth plants also oceur 
among the veined ones of cedars. The two forms occur in abundance 
at the same time and are exactly alike in color, shape, odor, taste, 
gills and spores. 

For illustrations see Dumée, Atlas de Champignons, pl. 16; Cooke, 
Ills. Brit. Fungi, pl. 107; Gillet, Champ. Fr., pl. 107 (126) and pl. 
127; White, Conn. Geol. and Nat. Hist. Surv. Bull. 3: pl. 19. 1905; 
Hard, Mushrooms, pl. 9, fig. 65; Kauffmann, Agaricaceae of Michigan, 
pl. 158; Peck, N. Y. St. Mus. Rept. 48: pl. 24, figs. 1-6. 1895; Me- 
Ilvaine, Am. Fungi, pl. 24, fig. 11. 

2512. In a pile of rotting turf by road at cemetery, June 11, 1917. 

2767. Same spot as No. 2512, July 24, 1917. 

2841. From woods on right of Durham road, October 1, 1917. 

3248. In grass lawn of President’s house and by niin near, May 28, 1919. 
3258. Under cedars in cemetery, May 30, 1919. All these plants except one 


were distinctly veined on margin. One was quite smooth. 
3260. Same spot as No. 2512, May 30, 1919. 


Blowing Rock. Atkinson. Coker. 
Asheville. Very common. Beardslee. 
Reported by Curtis. 


10. Clitocybe sinopicoides Pk. 


PuaTEs 23 AND 33 


Cap up to 5 em. broad, usually about 3-4.5 em., depressed in 
center, or almost plane, sometimes approaching infundibuliform ; sur- 
face when young minutely pruinose-tomentose, the margin more dis- 
tinctly tomentose, dry and chestnut red, becoming more or less squam- 
ulose and sometimes rivulose when old and fading to ochraceous- 
buff or even lighter, often with darker dots, margin usually irreg- 
ular and very wavy, inrolled when quite young. Flesh white, soft, 
flexible, very thin, about 1 mm. thick half way to margin, much 
thicker over the stem; taste mild and slightly earthy, not farinaceous. 

Gills very decurrent, white, changing to creamy and drying when 
mature to ochraceous buff, close or moderately so, very thin and nar- 
row, only 1.5 mm. wide in center, many short, some forked, in large 
plants their sides sometimes veined. 

Stem color of cap or lighter, smooth, tapering slightly downward, 
firm at surface and stuffed with soft, dense, white material like the 
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CLITOCYBE INFUNDIBULIFORMIS. No. 2512. 
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cap flesh, tough or rather brittle, about 2-3 em. long and 2-5 mm. 
thick, attached firmly to the ground with white mycelium. When 
mature the entire plant dries to a pretty ochraceous-buff. 

Spores white, smooth, pip-shaped, 3.4-4.6 x 4.2-7.4u. 

In humus or grass or on rotten wood, in woods and groves. 

We have examined Peck’s type of C. sinopicoides and eannot dis- 
tinguish it from our plants. The caps distinctly show the squam- 
ulose center and the spores are exactly the same except that a few 
of the former are a little longer (3.2-3.8 x 7-8.5)y. In the presence 
of squamules and cracks on the cap in age the present species is 
like C. sinopica, but a European plant of that species from Bres- 
adola has distinetly larger spores, 3.8-5.5 x 7-9.3n and differs further 
in far less crowded gills and smoother cap. This is almost certainly 
the plant listed by Schweinitz as C. gilva, but according to Ricken 
that species has spherical, spiny spores. The present species is 
doubtfully distinct from C. infundibuliformis, which see for dis- 
cussion. 

614. On a very rotten log, October 24, 1912. Stem eccentric in several of 
these plants, but not hairy. 

1068. In damp grassy place in woods, October 18, 1913. Spores white, oval, 
smooth, 3.7-4.6 x 5.5-7.4u. 

1140. In clusters, some cespitose, in a shaded lawn, July 16, 1914. 

1414. Under pines in burnt over woods, near Piney Prospect, October 24, 1914. 
Spores 3.4-3.8 x 4.2-5.9u. 

2039. Among shrubs by path west of President’s house, June 5, 1916. 

2103. Deciduous woods, June 22, 1916. 

2273. Oak woods, Lone Pine Hill, June 28, 1916. Spores pip-shaped, 2.4-4 x 5-6u. 

3262. By path on campus, May 29, 1919. 

3264. Under oaks in cemetery, May 30, 1919. Margin not marked by lines but 
some with dots. Spores pip-shaped, 3-4 x 6-7.8y. 


11. Clitocybe adirondackensis Pk. 
PLATES 24 AND 33 


The following is by Beardslee : 

Cap 2-7 em. broad, thin, becoming deeply infundibuliform, dingy | 
white, becoming white whun dry, with a narrow marginal zone when 
moist; flesh thin, white, 2-3 mm. thick. 

Gills thin, white, very narrow, scarcely more than 1 mm. thick, 
forking, long decurrent. 

Stem slender 2-4 em. long, 5-7 mm. thick, stuffed, then hollow. 
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Spores ellipsoid-ovate, 3-3.5 x 4-5p. 


Asheville. On old leaves; not rare. Beardslee. 
Blowing Rock. In leaf mould, Aug. 19, 1922. (No. 5585. Coker, coll.). 


12. Clitocybe clavipes Fr. 


Cap up to 10 em. wide, plane to depressed in center or cup 
shaped in age, glabrous, straw drab to buffy drab, hygrophanous. 
Flesh soft, pure white, 1.5 em. thick near center; taste slightly acid, 
odor distinctly fragrant when wilting, rather like jessamine. 

Gills close, 4.5 mm. wide, cream color when fresh, a deeper honey 
yellow when dry, slightly decurrent, edges entire. 

Stem 3-5 em. long, usually 6-10 mm. thick above, smooth, color of 
cap above; expanded below into a bulb which is up to 3 em. thick, 
white and felted with the mycelium which holds the leaves. 

Spores white, ovate-elliptic, smooth, with a very distinct oil drop, 
3.7-4.2 x 6.5-8.2p. 

Our plants have been compared with C. clavipes as understood by 
Peck (Bolton, N. Y.) and are identical. The spores of the latter are 
3-3.8 x 6-8n. A preference for coniferous woods is noted by Peck, 
Kauffmann, Gillet and Ricken. Descriptions of these authors do not 
agree in all particulars, but it seems clear that our plant must be this 
species. Ricken says that the spores are roughish, but they are cer- 
tainly not so in the American form. 

For illustrations see Peck, Mem. N. Y. St. Mus. No. 4, 3: pl. 46, 
figs. 1-6. 1900; Gillet, Champ. Fr., pl. 115; Hard, Mushrooms, fig. 69. 


Blowing Rock. Under dense white pine growth, Chetola, August 21-22, 
1922. (No. 5651 and No. 5677. W. C. Coker, coll.). 


13. Clitocybe media Pk. 
, PLATE 33 


Cap about 5-8.5 em. wide, gibbous or nearly plane at maturity, 
smooth, dull and with appearance of leather, slightly viscid when 
damp, margin incurved then expanded, often irregular; color brown- 
ish-gray all over, between smoke-gray and drab of Ridgway. Flesh 
white, soft and spongy, gradually thickening toward the stem, taste- 
less and odorless. 

Gills distant: to sub-distant, slightly decurrent or adnate, 5-6 mm. 
wide, ventricose, veined, none branched, pallid and more or less 
tinted with the cap color. 


PLATE 24 


CLITOCYBE ADIRONDACKENSIS. Asheville. Photo by B. [above]. 
CLITOOYBE SETISEDA. No. 1782. [below]. 
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Stem 2.5-5 em. long, 1-2 em. thick in center, tapering downward, 
often flattened, color of the cap or lighter, smooth or pruinose above, 
flesh solid and like that of the cap. 

Spores (of No. 2992) white, smooth, elliptic, 4-5 x 6-7y, with a 
large oil drop. 

The cap margin is at times marked by darker spots in a row as in 
Tricholoma russula. The species is new to the South, having been 
reported only from New York and Wisconsin. 

For illustrations see Hard, Mushrooms, fig. 64. 1908; Peck, Rept. 
N. Y. St. Mus. 42: pl. 1, figs. 9-12. 1889; 48: pl. 238, figs. 1-7. 1896. 


2992. On ground among leaves, Battle’s Park, deciduous upland woods, March 
19, 1918. 


14. Clitocybe odora (Bull.) Fr. var. anisaria (Pk.) Kauffman. 


Agaricus (Clitocybe) anisarius Pk. 


PLATES 25, 26 AND 33 


Plants cespitose or solitary in rotting leaves in woods. Cap up 
to 7.5 em. broad, convex at first, but soon flat and then plane-de- 
pressed or somewhat umbilicate in center, not infundibuliform; mar- 
gin inrolled when young, then plane or somewhat curved downward ; 
surface dry, roughish with firm inherent squamules which are tipped 
by fine upright wisps of fibers, the margin covered with short hairy 
tomentum which is most easily observed in youth. Squamules and 
tomentum may both become practically invisible after maturity (as 
in No. 4669). Just back of the margin is also observable in youth 
a distinct circle of spots which correspond to the little cogs on the 
stem where the margin touched it. Color light pallid tan or brown- 
ish tan or whitish gray at maturity. When young a light bluish 
olive-tan, the marginal dots deeper smoky-blue-green. The center is 
darkest at maturity, a smoky drab or dull green, sometimes faded 
and not much darker than remainder. Flesh white, very brittle, 4 
mm. thick near center, gradually thinning to margin. Taste mild, 
pleasant, like that of Agaricus campestris. Odor distinct and ex- 
actly like that of sweet fennel or of anise. 

Gills crowded, slightly decurrent, and usually a little notched at 
stem, none branched, numerous short ones of any length, scarcely 2 
mm. wide, color nearly white, then light tan, margin usually eroded 
in marginal half and nearly even near the stem. 
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Stem 4-5 em. long, up to 5 mm. thick, nearly even below, coated 
with and fading into the thick white mycelium. Color of cap, when 
young nearly white. At top finely granulose and usually with a 
little collar of cogs about 1 mm. below the tip, middle region faintly 
fibrous, basal coated with white mycelium. Texture fibrous, rather 
brittle, inside stuffed, sometimes partially hollow in age. 

Spores (on No. 1881) decidedly cream in bulk, elliptic, smooth, 
4.5-5 x 5-7.2n. 

Our plants differ from the typical C. odora in the roughish-squam- 
ulose cap, quite close gills, hairy margin marked with dots. The 
loss of greenish color at maturity may also occur in the typical form. 
Peck’s description of his C. anisaria (N. Y. St. Mus. Rep. 32: 26. 
1879) is much more like our form, with narrow, crowded gills and 
the cap ‘‘adorned with minute, innate fibrils, slightly pruinose and 
substriate on the margin.’’ In some of our collections this squam- 
ulose tendency is carried much further than this, the cap being fur- 
nished with rough, raised lines which meet in pairs and end in a free 
upright wisp. These wisps may disappear in age. The margin, 
too, is distinctly short-hairy, with hairs arranged in two or three 
more or less distinct concentric lines about 1 mm. apart. We find 
the spores of Peck’s type to be 4.2-5.5 x 7.4-8n. 

For illustrations see Murrill in Mycologia 7: pl. 166. 1915 (as C. 
virens. This shows a rough cap); McIlvaine, Am. Fungi, pl. 24, fig. 
9; Marshall, Mushroom Book, pl. 15 (as C. virens); White, Conn. 
Geol. and Nat. Hist. Surv. Bull. 3: pl. 17. 1905. For the European 
form of C. odora see Gillet, Champ. Fr., pl. 113 (85, 134) ; Sowerby, 
Engl. Fungi, pl. 42; and Bulliard, Herb. Fr., pl. 556, fig. 3; Patouil- 
lard, Tab. Fung., No. 404. 1886. 


457. On dead bark and leaves near Battle’s Branch, September 28, 1912. Spores 
light creamy ochraceous, 4.9 x 7.4u. 

1881. Among decaying oak leaves, Lone Pine Hill, October 3, 1915. 

1883. Under pines and cedars south of the iron mine, October 3, 1915. 

3562. Mixed woods west of Pittsboro Road, October 31, 1919. Odor distinet, 
margin ridged, olive colors in youth. 

4669. Mixed woods by Fern Walk, October 3, 1920. Spores pale buff, smooth, 
elliptic, with one large, distinct oil drop, 3.7-5 x 5-7.4u. 

4896. On bank of Battle’s Branch, October 5, 1921. 


Reported by Schweinitz as C. odora, 


PLATE 25 


CLITOCYBE ODORA VAR. ANISARIA. No. 3562. 
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15. Clitocybe ectypoides Pk. 
Puates 27, 28 anv 33 


Very persistent and slow to decay. Cap up to 9.8 em. wide, 
usually 2-3 em., hygrophanous, deeply umbilicate, the margin inrolled, 
or at maturity reflexed, often with a sinus on one side, and fre- 
quently splitting in age into several parts; surface distinctly lined 
radially with fibrous streaks; when young, distinctly but sparsely 
squamulose, especially toward the margin, with small tufts of darker 
fibers which terminate the fibrous lines; color when water-soaked 
dull ochraceous with a superficial tint of purplish-red; when not 
soaked the purple-red color is much more distinct and as it is con- | 
fined mostly to the fibers and squamules it is much plainer on the 
margin. In old age this superficial tint becomes almost or quite 
invisible to the naked eye, but with a lens can be detected at all 
times on the margin. Flesh quite thin, 1.5 mm. thick near stem, 
Y% mm. thick near margin, whitish, tough, nearly tasteless. 

Gills rather close to sub-distant, not venose-connected, some fork- 
ing and occasionally anastomosing, narrow, only about 2 mm. wide 
at best, the edges blunt; color nearly the same at all ages, a clear 
golden yellow (about mustard yellow of Ridgway). On account of 
the shape of the cap the gills are apparently decurrent, but in sec- 
tion it will be seen that they are not at all so, but end at a slight 
ridge at the top of the stem. 

Stem up to 2.5 em. long and 4.5 mm. thick, equal, quite firm and 
tough, solid at all ages, surface smoothish, faintly lined longitudinally, 
pale, soaked-ochraceous, very light when dry, lighter than eap at all 
times, never yellow. The tip is nearly white and the base enlarged 
by the soft white, compacted mycelium. 

Spores (of No. 1421), white, ovate, very hyaline, at first sight 
only the bright oil drop visible. 3.8-4.2 x 5.9-8.5y. 

On rotting pine logs, not common. 

Others have failed to mention the reddish-purple color of the cap 
fibers, but as in all other respects our plant is unmistakably C. 
ectypoides, a clearly marked species, I have no doubt that this char- 
acter has been overlooked. The species has the size and somewhat 
the appearance of Omphalia strembodes but easily differs in the 
purplish red tint to the cap, the solid stem, and in the gills being 
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only apparent decurrent. The present species should be compared 
with Omphalia xanthophylla B. & C. which is represented in the 
Curtis Herbarium by two plants from 8. C. (Ravenel). I could get 
no good spores from them. 


1421. On rotting wood by Bowlin’s Creek, October 26, 1914. 

1774. On a very rotten pine log half way down Lone Pine Hill, September 14, 
1915. 

3781. On pine logs in woods, November 20, 1919. Largest cap 9.8 cm. broad. 
Gills golden, cap squamulose. 


Asheville. On old logs, usually cespitose. Beardslee. 


16. Clitocybe cyathiformis (Bull.) Fr. 
Puates 1, 29 anp 33 


Cap 2-5.5 em. broad, convex on margin, the center broadly umbil- 
icate; smooth, not viscid, strongly hygrophanous, not striate, deep 
brown, sayal brown of Ridgway when not water-logged, the margin 
becoming a darker coffee color. Flesh paler, thin (1.5 mm.), elastic, 
fibrous and toughish; odor and taste strongly farinaceous. 

Gills close, decurrent, arcuate, 5 mm. broad, margin even, venose 
connected, color of cap, with a faint or distant lavender tint and a 
pale sheen, 

Stem long, up to 9 em., enlarged downward, flattened or irreg- 
ular, about 5-8 mm. thick above, color of cap above but white below 
with mycelium and with white silky lines from superficial fibers 
except at the minutely pulverulent tip; texture tough and fibrous, 
stuffed with white fibers, dark near surface. 

Spores (of No. 4934) faintly pinkish-lavender on a heavy print, 
smooth, elliptic, very granular when first shed but soon showing a 
very large oil drop, 4.2-6.2 x 9-12.24. Basidia 5.5-7.4y thick, clavate, 
4-spored. Hymenium 40-45» thick. Context of gills rather close, 
the threads about 4.5-5.5p thick. Scattered rather sparsely among 
the normal basidia are cells of the same size and shape, but peculiar 
in having two longer and unequal projections without spores; the 
longer projections about 14» long, the shorter about lly. If ab- 
normal basidia, their regularity is remarkable. 

Very rare in Chapel Hill and apparently occurring only in late 
fall or winter. According to Ricken it appears in Germany only 
after frost. 
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Our plants look very much like Bulliard’s pl. 575, fig. M, and like 
Sowerby’s pl. 363. Hussey’s pl. 1, Vol. 2, has the gills much lighter 
than in ours. All have the caps more deeply and broadly depressed. 
Gillet’s pl. 116 (94) is entirely too pale, as are the gills in Cooke’s 
pl. 113 (166). Ricken’s pl. 104, fig. 1, has the right color of cap, 
but is striate. For microscopic detail as well as a drawing in color 
see Hoffman, Icones Analyt. Fung., pl. 3. 1861; see also Kauffman, 
Agaricaceae of Michigan, pl. 159. Peck’s C. subconcava should be 
compared (the spores as given by Peck are smaller.) Murrill thinks 
the Agaricus cyathiformis of Fries and of Bulliard are different and 
that C. poculum Pk. is the same as Fries’s species. Our plants seem 
to be the darkest form of the species, particularly as regards the 
gills. The species is very variable, particularly as regards color. 
The spores agree well with the dimensions given by Kauffman and 
by Ricken. The only serious difficulty is the very distinct farinaceous 
taste which is not mentioned by others. This taste and the lavender 
spores suggest Clitopilus, but the color would escape anyone except 
in a heavy print. The spore color is very faint, but was noticed 
by five out of six observers who saw the print. 


4934. In decaying leaves of mixed woods under honey-suckle vines on damp 
ground, December 7 and 11, 1921. 


Asheville. Very common. Beardslee. 
Reported by Schweinitz. 


17. Clitocybe pinophila Pk. 
Puates 380 anp 33 


Cap hygrophanous, 1.3-4.2 em. broad, plane in center or slightly 
depressed or umbilicate, margin curved or nearly plane, not striate, 
smooth, a drab tan or buffy tan or pale whitish tan, darker when 
wet. Flesh thin, pliable, of pleasant taste (not farinaceous) ; odor 
none. 

Gills rather close, slightly and unequally decurrent, nearly white 
then buffy tan, about 1.5-2.5 mm. wide. 

Stem 2-3 em. long, thick above (up to 7 mm.), tapering down- 
ward, color of cap and mealy at top, darker brown and nearly smooth 
downward, the very base whitened with mycelium, stuffed then hol- 
low, toughish. 

Spores (of No. 2969) elliptic, smooth, 2.5-3 x 5-7. 
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Our plants agree well enough with Peck’s description and like 
the northern form they are confined to pine woods. The absence of 
a farinaceous taste is not a serious discrepancy. Peck gives the 
spores as nearly elliptical, 5-6.4 long, which agrees quite well, but 
an authentic specimen from his herbarium (Catskill Mtns., Peck, 
Coll., not type, which we could not find) has spores somewhat 
shorter than in our plants, 2.2-3 x 3.4-4.54 (possibly not fully ma- 
ture). Kauffman’s Michigan plants have spores 4x 5-6, which is 
distinctly broader than in our southern form. The European C. 
phyllophila and C. pithyophila, which are quite near, are supposed 
to be larger and whiter. Ricken gives the spores of the former (he 
considers the latter a pine-loving form) as 3-4x4-5u. Spores of a 


plant of C. phyllophila from Bresadola are 2.5-3.7 x 4.2-5.4p. ° 


Schweinitz’s record of C. phyllophila is probably based on the present 
species. For the white plant known as C. pithyophila in America see 
the photo by Hard, in his Mushrooms book, fig. 73, p. 100. 

Beardslee finds at Asheville, on pine needles, a whiter plant that 
would easily pass for C. pithyophila, but as it has all other char- 
acters, including the spores, the same as the present species we can- 
not believe it specifically distinct. Beardslee’s description of this 
whiter plant is as follows: 

Cap 2-6 cm. broad, watery white when moist, becoming pure white when not 
soaked, glabrous, thin, plane, but a little depressed at the center, often with 


the margin waved or lobed. Gills white, crowded, narrow, decurrent. Stem 
white, stuffed, then hollow, somewhat compressed. Spores ellipsoid, 6-7 x 3-4y. 


2964. On ground, pine woods, Strowd’s pasture, December 13, 1917. Spores 
2.2 x 4.8-5.5y. 

2969. On ground under pines and persimmon trees, Strowd’s pasture, December 
6, 1917. 

2957. On ground, pine woods, Strowd’s pasture, December 3, 1917. A form. 
Spores 2.2-3 x 5.2-7y. 


Asheville. Occasional. Beardslee. 


18. Clitocybe setiseda (Schw.) Sace. 
Clitocybe eccentrica Pk. 
PuaTeEs 24 AND 33 


Cap up to 3 (rarely 6) em. wide, deeply umbilicate, surface very 


PLATE 29 


CLITOCYBE CYATHIFORMIS. No. 


. 
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PLATE 30 


CLITOCYBE PINOPHILA. No. 2969. 
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minutely squamulose, scarcely more than pruinose (not noticeable 
except under a lens), not at all striate or fibrous, a very faint pinkish 
tan or soiled white. Flesh very thin, less than 0.5 mm. in marginal 
half, color of cap, quite strong and tough, decidedly bitter. 

Gills very much crowded, thin and narrow, only 1.5 mm. wide 
in middle, pointed at both ends, many short, none branched, margin 
quite entire, decurrent, color of cap at certain angles, faintly cream 
colored at others. 

Stem about 2 em. long to gill tips, 1.5-2.5 mm. thick near top, 
somewhat larger downward, color of cap, smooth or minutely scaly- 
dotted like the cap except below where is is covered with long, tough, 
ereamy hairs and strands which penetrate far into the surrounding 
trash; texture of stem very firm, tough and strong, with a softer cen- 
tral core which may become partly hollow. 

Spores (of No. 817a) white, smooth, very small, oval-elliptie, 
about 2.7-3 x 3.8-4.2u. 

Schweinitz’s plant has not been recognized since he described 
it from this state in 1822. It was placed by him under the subgenus 
Omphalia, but Curtis and Saceardo place it in Clitocybe. The’ de- 
scription agrees so well with our plants that I see no reason why 
this name should not be applied to them. Clitocybe eccentrica is the 
same. A plant from Peck’s herbarium, not type but authentic (Ray 
Brook, N. Y., Peck, coll.), is exactly like ours and has the same spores 
except slightly longer (2.8-3x 4-5). From published data it seems 
impossible to separate this from C. candicans. Kauffman’s spore 
measurements for the latter would serve to distinguish (4 x 5.5-6n), 
but Ricken’s measurements are like ours (2-3x4-5u). Omphalia 
scyphoides Fr. is also hard to separate. 

In most species of this group the cap has a tendency to become 
one-sided at times, thus appearing eccentric. Following is a transla- 
tion of the original description (Schr. Nat. Ges. Leipzig 1: 88. 1822): 

‘‘White, becoming yellowish, small, cap thin, infundibuliform ; 
gills crowded, thin, decurrent; stem with white, radiating hairs. 
Rare in autumn among leaves. Stem attached to leaves, hairs about 
one inch long, spreading in a stellate manner.”’ 
817a. On rotting bark, twigs, and leaves, woods southeast of campus, November 


7/1911; 
1782. On a very rotten mossy log, Lone Pine Hill, September 14, 1915. 


Reported by Schweinitz. 
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19. Clitocybe dealbata Sow. 


C. sudorifica Pk., toxie form. 
C. morbifera Pk., toxie form. 


PuaTEs 31 AND 33 


Small plants growing gregariously in grass in lawns and pastures, 
not rarely cespitose in twos. Cap up to 4.5 em. in diameter, usually 
smaller, smooth or sometimes slightly pruinose, especially near the 
margin, dull or shiny, wavy and often irregular, depressed in center 
(umbilicate) ; color a light buff or fleshy buff, sometimes with brown 
areas; the thin margin incurved and whitish, and slightly extended 
beyond the gills. Flesh very thin towards the margin, thick towards 
the center, about 2.5mm. thick half way between; pale flesh color, 
with a distinct taste of meal, not at all bitter. The taste is just like 
that of Tricholoma panaeolum except that it is not bitter. As the 
plants get old they often become water-soaked and. therefore much 
darker brown. 

Gills moderately close, deepest in middle where they are 3.5-5 mm. 
deep, not branching, slightly notched at the stem, not decurrent, 
fleshy white, then fleshy tan. 

Stem color of cap, 1.5-2.5 em. long, about 3 mm. thick in center, 
tough and elastic, solid or hollow, smooth, pruinose at top and bot- 
tom, slightly tapering towards the base, white at base, and the white 
mycelium often obvious. 

Spores (of No. 929) white, very small, smooth, elliptic, 
2-2.5 x 3.8-5.2p. 

The color of our plants is not pure white as is described for the 
species. From the farinaceous taste and odor this would be var. 
minor Cooke, but that is said to grow in leaves. It is almost exactly 
like the form that grows in mushroom beds and deseribed as var. 
deformata by Peck. 

Two toxic forms have been described by Peck, C. dealbata sudorifica 
(N. Y. St. Mus. Bull. 150: 48. 1911. Later described as a species in 
Bull. 157: 67, pl. 7, figs. 1-6. 1912) and C. morbifera (Bull. Torr, 
Bot. Club 25: 321. 1898). These do not seem to be distinguishable 
morphologically in Murrill’s opinion (Mycologia 7: 260. 1915), al- 
though Kauffman treats them as distinct. We have examined the types 
of both and find them alike and like our plants, and the spores are 
the same in all three cases (C. sudorifica, 2.2-3 x 4-5.24; C. morbifera, 
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PLATE 32 


CLITOCYBE RIVULOSA. No. 907. 
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2.5-3 x 3.7-4.8u). For the toxic effects of these two forms see the 
original descriptions. Peck considers the latter as more serious in 
its effects than the former, which, in the cases reported by him, 
caused only a profuse perspiration in man, but the death of rabbits 
and guinea pigs; later, however, Roberts (Mycologia 13: 42. 1921) 
found its effects to be somewhat more serious, causing profuse perspi- 
ration, interference with vision, diarrhoea and other unpleasant 
symptoms. 

For good illustrations see Peck (1. ¢., as C. sudorifica) ; Sowerby, 
Engl. Fungi, pl. 123, 1798; Cooke, Ills. Brit. Fungi, pl. 104 (142) 
(larger than American plant), pl. 173 (as var. minor, like American 
form) ; Gillet, Champ. Fr., pl. 117. 


929. Gregarious in grass in northwest side of Arboretum, October 18, 1913. 
There is another group of these plants in the northeast side of the 
Arboretum, near the smallest live oak tree. Both of these groups appear 
every fall. ; 

977. In hillside pasture, west side of Glen Burnie Farm, November 11, 1913. 

1466. Pasture, east side of Glen Burnie Farm, November 2, 1914. 


Asheville. Common, often in lawns under trees. Beardslee. 


20. Clitocybe rivulosa (Pers.) Fr. 
PuatTes 32 AND 33 


Cap up to 5.5 em. wide, usually 3.5-4 em., irregularly lobed, ele- 
vated and depressed ; covered with a thin, whitish or light tan super- 
ficial layer that is marked by many rivulose lines and collapsed areas 
that show the cartilage colored flesh below; margin inturned always, 
milk-white when young. Flesh barely mealy in taste, not bitter, 
cartilage color, rather brittle, only about 2 mm. thick. 

Gills light fleshy-cartilage color, somewhat crowded, not decur- 
rent, about 3 mm. wide in center. 

~ Stem only 1-1.5 em. long, about 4.5-5 mm. thick, color and sur- 
face just like the cap; firm and solid. 

Spores (of No. 907) white, smooth, elliptic, very small, 2.6 x 4.2u. 

The characters are well shown in photo of No. 907. The rivulose 
markings of the cap are remarkably like those of Clitopilus nova- 
boracensis. 

Rare, and heretofore reported in the United States only from 
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New York. In Chapel Hill they are known only in one place, where 
they occur gregariously every fall in rainy weather. They have 
been observed for three years, and are remarkably constant. This 
is apparently only another of the numerous forms of C. dealbata, 
which is indistinguishable except for the absence of rivulations. A 
plant of C. rivulosa from Bresadola is like ours and has the same 
spores (2.5-3.2 x 4-5.) which are like those of C. dealbata. 


907. Nine plants on edge of sidewalk west of Mrs. Kluttz’s, October 11, 1913. 
1269. From the same spot as No. 907, and like them in every way, Sep- 
tember 26, 1914. Spores 2.5-3 x 4-4.8y. 


EXPLANATION OF PLATE 33 


Laccaria ochropurpurea. No. 4675, fig. 1. 
Lacearia laceata. No. 2960, fig. 2. 
Laccaria amethystea. No. 5119, fig. 3. 
Laccaria tortilis. No. 3344, fig. 4. 
Clitocybe candida. No. 3546, fig. 5. 
Clitocybe sp. No. 3210, fig. 6. 
Clitocybe tabescens. No. 1373, fig. 7. 
Clitocybe illudens. No. 183, fig. 8. 
Clitocybe tumulosa. No. 2006, fig. 9. 
Clitocybe subnigricans. No. 3165, fig. 10; type, fig. 11. 
Clitocybe infundibuliformis. No, 2512, fig. 12. 
Clitocybe adirondackensis, Bolton, N. Y., fig. 13. 
Clitocybe sinopicoides. No. 3264, fig 14; type, fig. 15. 
Clitocybe media. No, 2992, fig. 16. 
Clitocybe odora var. anisaria. No. 4669, fig. 17. 
Clitocybe anisarius. Type, fig. 18. 
Clitocybe ectypoides. No. 1421, fig. 19. 
Clitocybe cyathiformis. No. 4934, fig. 20. 
Clitocybe pinophila. No. 2969, fig. 21. 
Clitoecybe setiseda. No. 817a, fig. 22. : 
Clitocybe eccentrica. Ray Brook, N. Y., fig. 23. 
Clitocybe dealbata. No. 929, fig. 24. 
Clitocybe sudorifica. Type, fig. 25. 
Clitocybe morbifera. Type, fig. 26. 
Clitocybe rivulosa. No. 1269, fig. 27. 

All figures x 1620. 
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THE FRUITING STAGE OF THE TUCKAHOE, PACHYMA 
COCOS 


Puates 34-37 


By Freperick A. WOLF 


The names tuckahoe, Indian bread or Indian potato appear to be 
quite generally known in the Coastal Plains section of the Caro- 
linas as a designation for certain tuber-like structures which grow 
under ground. These structures are frequently unearthed by the 
plow especially when timbered lands are brought under cultivation. 
During the past spring, fifteen specimens were collected near Raleigh, 
N. C., in a situation where the land had been cleared and broken in 
preparation for a tobacco plant bed. Subsequently four other speci- 
mens were unearthed by the writer and several of his colleagues in 
the same locality. 

My acquaintance with tuckahoe extends over a period of several 
years since occasional specimens, similar in appearance and accom- 
panied by inquiries as to their nature, have been received at the 
botanical laboratories of this Station. An examination showed that a 
tuckahoe is obviously the sclerotial or resting stage of some fungus 
and as such is composed of a vegetative mass of fungous tissue. This 
fact gave no clue to the identity and systematic position of the fungus 
since various fungi are known to produce sclerotia. An examina- 
tion of published reports on large sclerotia furthermore showed that 
not only the affinities of the tuckahoe, Pachyma Cocos, which has been 
collected by a number of botanists, but also the origin and forma- 
tion of these subterranean fungous masses have remained for years 
an unsolved botanical problem. It was the writer’s good fortune, 
however, during May, 1922, to observe the fruiting stage of this 
fungus. The present purpose is, therefore, to assemble the infor- 
mation in hand as a contribution to our knowledge of this unusually 
interesting form. 

HISTORICAL 


The name tuckahoe is of Indian origin and is apparently generic 
among them for all round or roundish edible roots. Gore (7) quotes 
the statement of Trumbull, an ethnologist, that the word is derived 


Paleare || 


128. JOURNAL OF THE MiTcHELL SOCIETY [| September 


from ptuecqui or ptuckquen which signifies that which is made round 
or rounded as a loaf or cake. The name, varied by the dialects of 
the several tribes, applied to all esculent bulbous roots. These state- 
ments are confirmed by such historians as Smith (16), Beverley (3), 
Campbell, (4) and Kalm (9), who record such tribal names as 
tawkee, petukqui, pittikwow, ’tuquauh, petukuineg, puttuckqunnege, 
tockawhoughe, tawko, tuckah, and tawkin. Campbell says, ‘‘The 
tockawhoughe was in summer the principal article of diet among the 
natives. It grows in the marshes like a flag and resembles somewhat a 
potato in size and flavor. Raw, it is no better than poison so that the 
Indians are accustomed to roast it and eat it mixed with sorrel and 
corn meal. There is another root found in Virginia called tuckahoe 
and confounded with the flag-like root described above and errone- 
ously supposed by many to grow without stem or leaf. It appears 
to be of the convolvulvus species! and is entirely unlike the root 
eaten by the Jamestown settlers.’’ No less an authority than the 
Swedish botanist Kalm, whose travels in America shortly before the 
Revolutionary War are recounted in two volumes published in 1772, 
states that the word tawko referred to the Virginia wake robin, Arwm 
virginicum, and tawkee to golden club, Orontium aquaticum. While 
the Indians no doubt included under the name tuckahoe the tubers 
and roots of a number of flowering plants as well as Pachyma Cocos, 
botanists have come to apply this designation exclusively to tuberous 
fungous masses. 

The first botanical description of this tueckahoe was made by Clay- 
ton (5) in 1762 in his Flora Virginica, published by Grovinius. He 
was under the impression that the plant was one of the puffballs 
and accordingly sent specimens to Grovinius under the name Lyco- 
perdon solidum. Next it is supposed by some to have been described 
by Walter (18) in 1788 in his Flora Caroliniana under the name 
Lycoperdon cervinum. Later, it was well described by Schweinitz 
(15) in 1822 as Sclerotium Cocos. The next year Fries (6) pub- 
lished it as Pachyma Cocos, using Schweinitz’s description. The ob- 
servations of MacBride (11) of South Carolina on this fungus were 
published in 1817 and he gave to it the name Sclerotiwm giganteum. 

Later a number of other descriptive accounts were published, as 
will be indicated subsequently, the most comprehensive of which is 


1This is very probably the wild potato vine, Ipomoea pandurata. 


an 
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that of Gore (7). This account includes also the results of chemical 
analyses of the tuckahoe which, in confirmation of the earlier work 
of Torrey (17), shows that it is largely composed of pectic com- 
pounds. ‘Torrey, however, employed the name ‘‘sclerotin’’ which 
was subsequently found to be identical with the jelly-forming con- 
stituents of fruits and tubers to which Braconnot? applied the name 
‘*“nectous substances. ’’* 


DISTRIBUTION 


The tuckahoe is reported to occur from New Jersey southward 
to the Gulf of Mexico, westward to Texas, and as far north as Kan- 
sas, in light loamy or sandy soil. Whether or not the data on dis- 
tribution of tuckahoe in the accounts of Banning (2), Ravenel (13), 
Lockwood, (10) Gore, (7), Schrenck (14) and in a recent bulletin 
from the Missouri Botanical Garden (1) apply to Pachmya Cocos 
alone or include closely related species cannot now be determined. 
It is my belief, as will be discussed later, that Pachmya Cocos is 
parasitic and is associated only with the roots of pines. However, 
Lockwood (10) records finding tuckahoe among the roots of willow 
oak, Quercus phellos, in New Jersey. Further, specimens in the 
herbarium of Bresadola under the name ‘‘Pachma Cocos Fr. = My- 
litta pinetorum Horaninow,’”’ show sclerotia which are very different 
from the form under discussion since they are very heavy and in 
section look like mottled amber.* Manifestly, in the absence of wide- 
spread knowledge of the identity of Pachyma Cocos, and of definite 
information of its host relationship together with confusion of names 
in herbarium collections, satisfactory information on distribution is 
not available. 


DESCRIPTION OF SCLEROTIA 


The tuber-like structures to which Fries (6) gave the name 
Pachmya Cocos were described by him as ‘‘oblong to elliptical in 
shape with hard scaly bark and with a brown and woody appear- 
ance, about the size of a man’s head, exactly resembling a cocoanut ; 


2 Ann. Chim. phys. 25: 358-373. 1824. 

3A transcript from Berkeley and Curtis’ manuscript which accompanies their specimens 
of tuckahoe was given me by Dr. W. ©. Coker. These notes include chemical studies by 
Prof. Ellet of South Carolina College who states that, “Twenty years ago I examined a 
specimen of it from Virginia. JI have repeatedly worked with Carolina specimens of the 
substance and find them all identical in their nature. It consists entirely of pectic acid 
or rather the pectin of Braconnot.” 

4 From notes made during the summer of 1921 by Dr. W. C. Coker. 
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bark thick and fibrous in general appearance like a pine root. Within 
the substance is uniformly whitish to flesh-colored with an odor like 
a mushroom. They are flesh-colored when they attain their growth, 
and are considered by the natives as possessing medicinal properties. 
They are found in Carolina especially among pine forests.’’ 

The sclerotia which I have examined show considerable variation 
in size and shape as shown in plate 34. The largest specimen taken 
was an oval body 27 inches by 19 inches in circumference and its 
weight was 3161 grams or approximately 7 pounds. Another was 
slender and elongated and measured 41 inches in length. When first 
taken from the earth these masses are of such a consistency as to be 
easily cut with a knife but on drying they become extremely hard 
and horn-like and the interior becomes variously cracked and fissured. 
This fissuring is not perceptible from the exterior, however. 

The cortex of the sclerotium possesses the roughed furrowed ap- 
pearance and color of pine roots. This appearance is simulated best 
in specimens in which flakes of bark constitute a portion of the 
sclerotial cortex. When examined microscopically, this cortex is 
seen to consist of densely compacted fungous cells making a quite 
well-defined layer 100-150» in thickness (fig. 7). The interior is 
whitish or tinged with pink when fresh and becomes grayish when 
dry. The cells which compose this portion are extremely variable 
in size and shape as shown in fig. 2. 


ORIGIN OF SCLEROTIA 


As has been recorded by the several botanists who early described 
tuckahoe, the habitat of these sclerotia is invariably among the roots 
of pine trees, Pinus taeda and Pinus rigida. It would appear improb- 
able that such an association is purely accidental. That they are 
parasitic, however, seems very probable in the light of the following 
facts: 

1. All of the sclerotia which I have found are in part pine root 
tissues, but there is, however, neifher hypertrophy or hyperplasia of 
these tissues. In respect to the inclusion of host tissue Pachyma 
Cocos differs from all other known large sclerotia. 

In some eases the xylem portions of the pine root extend entirely 
through small sclerotia and the root is free from bark inside the 
tuber. If the sclerotium merely surrounded the root, or attached 


PLATE 34 


A group of tuckahoes, Pachyma Cocos. The largest had a weight 
of seven pounds and the longest a length of 41 inches. 
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itself to it, the bark should be intact. Such a case has been observed 
also by Gore (7) and is illustrated in fig. 1 accompanying his ac- 
count. 

2. Sclerotia attached to the roots have been unearthed near the 
base of living trees. 

3. There is no evidence of mycelium or rhizomorphs in the soil 
surrounding the sclerotia. 

4. Sclerotia have been found with portions of roots not only at 
the end directed toward the tree, but also distal to it. If one fol- 
lows the course of these roots into the sclerotia, all stages can be 
found from what appears microscopically to be normal woody tissue 
to a splitting apart and transformation of the xylem strands, which 
are few in number toward the outside, but numerous and slender 
toward the center of the sclerotium (figs. 3 & 4). In large sclerotia 
all traces of the woody portions of the roots have disappeared at a 
distance of about one and one-half inches from the end. In forming 
such sclerotia it seems reasonable to suppose that as they enlarged 
there was both a stretching apart of the woody tissue of the root and 
at the same time a transformation of substance appropriated from 
the root tissues. 

5. The roots at some distance from the body of the sclerotium 
have to the unaided eye, apparently normal bark and wood tissues. 
Both portions, however, on microscopic examination are found to be 
invaded and the mycelium completely fills all intercellular and intra- 
cellular spaces (fig. 8). 

Several investigators have held that the tuckahoe is to be regarded 
as an altered or transformed state of the root. Gore (7) concludes 
that such is the case in his discussion of their origin in which he 
states that ‘‘Specimens in all stages of development are in my pos- 
session from the root with only a film of the substance between the 
bark and the woody part of the root up to pieces six inches in 
diameter.’’ MacBride (11) states that the growth originates be- — 
tween the bark and wood of living trees, that it gradually enlarges, 
detaches the bark and transforms the root tissues into its own sub- 
stanee. Another observer quoted by Gore (7) in a letter to him 
states that ‘‘this growth had taken place from the roots of pines 
as was evident from some having just commenced growing, the pine 
root extending through and reaching out on each side. Others had 
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developed to considerable size showing no appearance of any root 
in them or any bark of the pine on the outside as was the case 
with the smaller ones. I think the whole root for two inches or 
more is changed into this substance from the fact that some of the 
roots extend entirely through it, some of them being smaller inside 
and larger outside.”’ 

The observations of Ravenel (13) alone cast doubt on the para- 
sitic origin of the tuckahoe. He records the finding of five or six 
specimens varying in size from a hen’s egg to more than twice as 
large, attached to an old pine rail. Since all other observers agree 
in the occurrence of tuckahoes singly and not in groups, there is a 
possibility of mistaken identity by Ravenel. 


FORMATION AND STRUCTURE OF THE SPOROPHORE 


In efforts to bring about the production of fruit bodies several 
sclerotia which had been subjected to drying in the laboratory for 
a few days after collection, were placed in water to soak for about 
24 hours. One was then left to lie on a laboratory table, one in a 
moist chamber in the laboratory, two were placed in an ice chest, 
one was placed in a moist chamber in a photographie dark room and 
three were buried out of doors in the sand. In three days, a dense 
white fungoid crust had formed in the ease of the first one on the 
side in contact with the table. As I did not suspect that this crust 
was an immature resupinate hymenophore, since I was looking for 
a stalked fruit body to make its appearance, I seraped off most of 
it in making examination and left it lying with the crust upward. 
Several days later, I was surprised to find that a similar crust had 
formed on the opposite side. This was undisturbed and in the course 
of a week had matured into the hymenial layer. The one in the 
moist chamber had meanwhile developed a fruit body similar in ap- 
pearance. The two tuckahoes in the ice chest showed no signs of 
growth during two weeks there. They were then placed in a moist 
chamber in the laboratory where within a week both fruited. One 
formed four fruiting structures and is the one shown in plates 35 
and 36. 

In the case of the sclerotium in the dark room, a profuse loose 
mycelial envelope which completely surrounded it had formed in 
two weeks. When after this time it was subjected to the diffuse light 


PLATE 35 


Fruit body developed in a test tube from bit of tissue from center 
of a sclerotium [left]. 
Several resupinate fruit bodies on one sclerotium [right]. 


36 


EK: 


PLAT 


ear h 
at bet 


* 


“a 


foc? 


A 
; eH eer FP 


Pare ?, 
“ e,tey 


MMibroet MAAS 


vc fae i a 
as, 4% a 
oar : 


~ Fe SS 


oe 


An enlargement of a portion of the fruit body shown in pl. 35, 


illustrating character of the pore surface. 
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of the laboratory several diminutive fruit bodies formed on its sur- 
face within a week. 

The sclerotia which were buried were examined after two weeks 
and were found to have surrounded themselves with a loose weft of 
mycelium (fig. 1) which was whitish at first and became at length 
tawny. Two weeks later these sclerotia were largely decayed. 

Several unsuccessful attempts were later made to bring into fruit- 
ing specimens which had dried out from exposure in the laboratory. 
These experiments, which have resulted in the development of sporo- 
phores on five tuckahoes,® indicate that fruiting is conditional upon at 
least three factors, (1) fresh specimens, (2) saturation with water. 
and (3) the presence of light. : 

In efforts to artificially culture this organism, a bit of tissue from 
near the center of a large sclerotium was transferred with aseptic 
precautions on May 2 to a potato plug. A loose white mycelium 
developed and on May 28rd a poroid sporophore somewhat abnormal 
in appearance but with mature normal spores entirely similar in 
size, shape and appearance to those in nature, had formed.® 

The sporophores are resupinate, plate 35, and although pure 
white at first they become with age slightly tinged with brown. The 
subiculum is thin. The pores are large and angular to irregularly 
sinuous and 2-3 mm. deep, plate 36. The hymenium is at first rather 
tough and cartilaginous but becomes papery on drying. ‘There is 
no sterile margin nor are cystidia present. The basidia are blunt, 
elub-shaped, 20-25, in length and 6-8 in width and are crowned 
with four rather slender sterigmata, fig. 9. The basidiospores are 
white in mass, asymetrically cylindrical, smooth, and 7-8 x 3.5y, Fig. 
10. 


5 After receiving this paper for publication, I suggested to Dr. Wolf that he make still 


further cultures so as to place the proof of relationship of the Poria to the tuckahoe beyond 
all doubt. He accordingly made six other cultures on potato plugs sterilized in glass tubes 
and inoculated with tissue taken from the center of three large tuckahoes. The lat- 
ter were collected during the last week in April and had been left to lie in the laboratory 
until June 22nd, the date on which the cultures were made. By July 17th each of the six 
cultures had formed fruiting bodies of the Poria type and one of these is shown in plate 
35. Dr. Wolf has also produced another fruiting body on the surface of a tuckahoe since 
writing this paper. A sclerotium was soaked and buried in sand for three weeks, during 
which time it enveloped itself with a loose, white weft. It was then dug up and put into a 
moist chamber. Within ten days it had formed on its surface the most perfect fruiting body 
that he has obtained. This makes a total of six tuckahoes that have produced sporophores 
on their surface. The plant had been buried to test the possibility of production of a stalked 
sporophore. The result confirmed the previous conclusion that light is a necessary stimulus 
to production of a fruit body. Just as this paper was going to press there was published by 
Elliott an article on ‘Some Characters of the Southern Tuckahoe’ (Mycologia 14: 222. 
1922). His specimens were not attached to pine but supposedly to sumac roots in two 
cases. Efforts to secure a fruiting stage were not successful, and the identity of his plant 
with Wolf’s species must remain in doubt—W. C. COKER. 
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The fruiting of Pachyma Cocos is manifestly of the type char- 
acteristic of the genus Poria which is recognized to inelude a hetero- 
geneous group of forms but it is provisionally placed in this genus. 

When comparison is made with the descriptions in literature of 
fungi arising from large sclerotia none of them are found to bear 
any resemblance to our specimens. Grifola Tuckahoe Giissow (8), 
for example, has coal black sclerotia with a blackish interior and its 
fructifications are fleshy, stipitate, ochre to yellowish brown strue- 
tures. Polyporus tuberaster (Jaeq.) Fries as first illustrated by 
Micheli (12) shows this species to possess an irregular, globular, 
sclerotium enclosing stones and earth, from which arises a stipitate 
polypore with angular pores. Polyporus Sapurema Moller from 
Brazil has an enormous sclerotium from which a large fleshy stipi- 
tate fruit body is developed. Lentinus tuber regium Rump. is a 
large, stipitate, gill-bearing form. In fact, all hitherto known large 
selerotia whose fruiting stages have been found have large sporo- 
phores whereas our specimens bear small fruit bodies. Further, no 
other species of Poria is known to have a sclerotial stage. It is for 
these reasons that C. G. Lloyd to whom specimens were sent for 
determination is of the opinion that it is very improbable that there 
could be any relationship between tuckahoe and Poria. 

The question of a species name is much more difficult since to 
determine whether or not this form is different from previously de- 
seribed species would involve a thorough-going study of all known 
resupinate forms. Since, however, Pachyma Cocos is believed to be 
parasitic and consequently its fruiting stage in all probability occurs 
only on the surface of the sclerotia, it is entirely unlikely that it 
has been observed or collected previously. The combination Poria 
Cocos, is therefore proposed in order to connect our fungus with the 
long known sclerotial stage name, with the following brief diagnosis. 


Poria Cocos (Schw.) comb. nov. 


Sclerotium giganteum Macbride. Trans. N. Y. Phil. Soe. 1817. 
Sclerotium cocos Schw. Syn. Fung. Car. Sup., p. 56. 1822. 
Pachyma cocos (Schw.) Fries. Syst. Myeol. 2: p. 242-248, 1823.* 


* Other synonyms given by Gore are: 

P. solidum Oken, Lehrbuch d. Naturgesch. 2 ter Thiel. Botanik 2 ter Abtheil, 1 te 
Halfte, 1815. ue 

P, pinetorum Horaninow, p. 2-23, 1856, ‘ 

P. coniferarum Horaninow. (See continuation on p. 135), 


ee 
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Sporophoris resupinatis, albidis deinde pallide ferrugineis, mem- 
branaceis—crustaceis; tubulis 2-3 mm. long, ecartilaginis, siccatis 
chartaceis; ore crassi, irregulari vel labyrinthiformi; margine non 
sterili; cystidiis nullis; basidiis clavatis, 20-25 x 6-81; sporis hyalinis 
inaequilateralibus, oblongis, levibus, 7-8 x 3.5-4y. 

Hab. ad sclerotia in vivis radicibus Pini. Sclerotium magnum, 
oblongo-subrotundum, arrhizum; cortex crassus, fibroso-squamosus, 
durus, colore radicum Pinorum; intus cellis radicorum Pini atque 
materia carnoso-suberosa repletum, odore fungoso-farinacea. In terra 
praesertim in pinetis sabulosis. 

Specimens have been deposited in the herbarium at the University 
of North Carolina, Chapel Hill, N. C., at the Lloyd Library, Cin- 
cinnati, Ohio, and at the Missouri Botanical Gardens, St. Louis, Mo. ° 

Special thanks are due to Dr. W. C. Coker, for his courtesy and 
help in connection with the preparation of this report and to Mr. 
C. G. Lloyd for his opinion as to the identity of the fungus. 


SUMMARY 


This study of the southern tuckahoe, Pachyma Cocos, includes an 
account of its history, structure and origin together with the develop- 
ment and morphology of its fruiting stage. 

The name tuckahoe is of Indian origin and was applied by them 
to all edible roots and tubers. It has come to be used by botanists, 
however, to include only certain subterranean fungous growths or 
sclerotia. 

The tuckahoe has been known to botanists for about 175 years 
but its fruiting stage has not hitherto been described. Pine root 
tissues are always included within this tuckahoe and it is apparently 
parasitic upon the roots of pine. 

Several conditions which include (1) fresh sclerotia, (2) their 
saturation with water and (3) exposure in light govern the pro- 
duction of sporophores. Mature sporophores of the Poria type have 
been secured on the surface of six tuckahoes. A period of about a 
week’s duration is necessary for their complete development. The 


Lycoperdon solidum Clayton. Flora ME aaa De 176. LiG62: 

L. sclerotium Nuttal. Systematic and Physiological Botany, p. 200. 1820. 

L. cervinum Walter. Flora Caroliniana, p. 262. 1788. 

Tuckhaus rugosus Rafinesque. Med. Flora of N. America 2: 255. 1830. 

In such of these as we have seen, the description is too imperfect to refer with any 
certainty to our plant. 
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fruiting stage has also been developed in cultures from tissue taken 
from near the center of large sclerotia. 

This Poria is herein given the name Poria Cocos to relate it to its 
tuckahoe stage. 


COLLEGE STATION, 
RAugzIGH, N. C. 


EXPLANATION OF PLATE 37 


Fig. 1. Hypha from mycelial envelope of sclerotium as it appears when sclerotia 
are buried or put into the dark room. 
Fig. 2. Variation among the cells which compose the interior of the sclerotium. 
Fig. 3. A diagrammatic section of a sclerotium with three groups of woody 
tissue and one of bark remaining. Proportional sizes are shown. 
Fig. 4. Diagram of a section of an apparently normal root and of a sclerotium. 
The sections are about one and one-half inches distant from each other. 
The woody elements have become separated into seven groups. Relative 
sizes are preserved. 

Fig. 5. A diagram of a sclerotium showing relative sizes in cross section of the 
woody elements. The sections are about an inch distant from each other. 

Fig. 6. All of the xylem elements have been destroyed in this section but much 
of the bark remains although it is densely filled with fungous hyphae. 

Fig. 7. Section of the compact sclerotial wall together with the less dense 
subjacent tissue. 

Fig. 8. Xylem cells from apparently normal tissue. 

Fig. 9. Basidia of Poria Cocos. 

Fig. 10. Basidiospores. 

Fig. 11. Tissue from a rhizomorph which formed from a selerotium which was 
unearthed and then partially buried in leaf mold for two months. 

Figs. 1, 2, 7, 8, 9, and 11 are drawn to the same scale. 
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A KEY TO THE FULGORIDA OF EASTERN NORTH AMERICA 
WITH DESCRIPTIONS OF NEW SPECIES 


By Z. P. Mrercaur 


INTRODUCTION 


The Family Fulgoride is perhaps the most neglected family of 
homopterous insects. This is due in no small measure to the fact 
that in comparison with other families of the order they are relatively 
of little economic importance in our region. This is merely relative, 
however, and in a final summing up it must be borne in mind that a 
family of relatively small importance when compared with Coccide 
or Aphidide may be of outstanding importance when compared with 
other families in other orders. Much more study must be devoted to 
this family, however, before we can even begin to estimate its real 
economic importance. 

Taxonomically the Family FPulgoride is of great interest and per- 
haps in no family of insects in any modern scheme of classification 
do we have as many and as diverse forms as in this one. There is 
no doubt that the Fulgoride are really of superfamily rank, but the 
author feels that violent revisions in schemes of classification have no 
place in a study of a restricted fauna such as this. From the view- 
point of bizarre forms and structures few insect groups can even ap- 
proximate the members of this family. Unfortunately from the stand- 
point of great popular interest the forms are too small to create much 
excitement. But with all of these limitations the chief drawback to 
-a real interest in this group is the fact that there is no manual of the 
genera and species available. Descriptions are scattered far and 
wide. A recent census shows that the descriptions of the two hun- 
dred and fifty-eight described species in our region are scattered in 
no less than fifty-nine separate publications with usually no corre- 
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lation of new species with old or with no keys for their determination 
and very few illustrations. Then too, many of the original deserip- 
tions were made by the older entomologists before the middle of the 
nineteenth century and have never been brought down to date. It 
was with these points in mind that the present paper has been pre- 
pared in the hope that it would bridge a gap and would stimulate 
real interest in this family in the future. 


DISTRIBUTION 


* The Fulgoridw of Eastern North America have not been collected 
sufficiently for us to know very much about their distribution as is 
evidenced by the fact that of the three hundred and one known species 
eighty are known from a single state only, or two closely contiguous 
states.. Of the remainder ninety-seven seem to have a general distri- 
bution; forty-four are generally southern in their distribution; 
twenty-nine are western species that invade our territory; ten are 
apparently West Indian forms more or less abundant in Cuba that 
have invaded Florida; three are European forms which have become 
established ; and nine are Mexican forms that have crossed the Mexican 
border into Texas and the other border states. 

As used in this paper the term Eastern North America is used to 
inelude all the territory lying east of the foot hills of thé Rocky 
Mountains. This large area seems to be rather homogeneous as far 
as its fulgorid fauna is concerned, but as pointed out above there are 
naturally certain intrusions especially in Florida and Texas. Other 
West Indian, Mexican and western forms will undoubtedly be found 
within our territory but only species with definite records within our 
borders have been included below. Certain of the older species 
which have been recorded from North America only have been in- 
cluded for the guidance of future students. 


TAXONOMY 


Heap Regions. The regions of the head of the Fulgoride used 
in taxonomy are the vertex, frons, genre and clypeus. The frons, 
vertex and gene are frequently prolonged into a long cephalic pro- 
cess. The vertex shows a number of good specific characters in most 
genera. The comparative length and breadth, the shape and the ar- 
rangements of the carine are usually quite specific and have been 
much used in the past. Sometimes the vertex is narrow and shades 
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insensibly into the frons. Sometimes it rounds into the frons but is 
more distinct. In still other cases it is sharply set off from the frons 
and may be separated for its entire breadth from the frons by a more 
or less distinct carine (Issinw, Megamelanus) or suleus (Poblicia). 
The vertex is sometimes prolonged along the dorsal side of the cephalic 
process (Dictyophara, Scolops). Sometimes the vertex is furnished 
with a more or less distinct median carina and another very common 
condition is to have two lateral carine converging towards the frons 
(Cixius, many Delphacine). In this condition the vertex is divided 
into three regions, the two lateral compartments between the lateral 
carine and the converging carine, and the central compartment pos- 
terior to the converging carine. Sometimes the central compartment 
is divided by a median y-shaped carina into three compartments, the 
frontal compartment and the posterior compartments. 

The frons is usually separated from the genx by sharp carine and 
from the elypeus by a distinct suleus. Its separation from the ver- 
tex may be distinct and furnished by a carina or sulcus as mentioned 
above or it may be impossible to distinguish the frons from the vertex, 
in taxonomy the entire dorsal surface is usually called the vertex al- 
though this may include a portion of what is the frons morphologic- 
ally. The comparative length and breadth of the frons is often a 
very useful character, as is its comparative width at the base, along 
the vertex and at the apex, along the clypeus. 

The characters of the gene have not been much used but there are 
frequently good generic characters present especially in the shape 
and size of the antennal socket and antennal collar. 

The clypeus frequently furnishes reliable characters both in com- 
parative size and shape and in the arrangement of the carine. In the 
subfamilies Fulgorine and Dictyopharine and some others the elyp- 
eus is laterally sharply carinate but in other groups it is ecarinate 
laterally. The depth of its insertion into the frons is also a useful 
character at times. The clypeus frequently shades imperceptibly 
into the labrum-epipharynx which may or may not be evidently di- 
vided into its separate components. 

Ocelli are frequently present and usually these consist of a lateral 
pair placed between the compound eyes and the lateral frontal 
earine. In the Ciziine there is usually a very distinct frontal ocellus 
at the apex of the frons. Sometimes this frontal ocellus is repre- 
sented by a scar only. 
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ApPENDAGES. The following appendages, compound eyes, an- 
tenn and mouth parts especially the labrum-epipharynx and labium 
are usually conspicuous. The compound eyes are sub-hemispherical 
in shape and usually crescentric in outline with a ventral sinus for 
the reception of the antenne but occasionally, as in Bothriocera, the 
sinus and antenne are anterior in position. 

The antenne consist of two segments with a terminal flagellum. 
The comparative lengths of the two segments of the antennx are fre- 
quently useful as is the shape of these segments. The first segment 
is usually shorter than the second and is frequently set in a distinet 
socket and more or less surrounded by a collar-like projection of the 
gene, the antennal collar. Usually the first segment is more or less 
terete or frequently it is widened distally and more or less club-shaped. 
In a few eases the first joint is much flattened (Bostera). The see- 
ond joint is usually club-shaped, sometimes flattened and more or less 
studded with sensory organs. The number and arrangement of these 
sensory organs furnish excellent characters as pointed out by Hansen 
long ago, but their examination requires a rather high power and for 
that reason they have not been much used. The flagellum is usually 
longer than the two segments of the antenne combined. It consists 
of an enlarged spherical basilar portion, the basal segment and a 
distal portion, the bristle. The bristle of the flagellum is gradually 
attenuated. In Otiocerus the antenne are provided with two or three 
vermiculate appendages of unknown function. 

The mouth parts are of the usual haustellate homopterous type. 
The epipharynx is small and sharply pointed and lies in the groove 

of the labium. It is not always distinetly separated from the labrum. 
’ The labium is long or short and consists of four segments. The basal 
and sub-basal segments are closely applied to the gular surface of the 
head and are not visible from the frontal view. The apical and sub- 
apical are usually unequal in length, the apical being short and the 
subapical long. The length of the labium is frequently a good generic 
character but is seldom of any value as a specific character. 

Tnoracic Reaions. The typical regions of the thorax are some- 
what modified in the Fulgoride. The pro- and mesonotum are con- 
spicuous but the metanotum is hidden by the wings when at rest. 
The propleura are covered by the lateral extensions of the pronotum, 
the breast plates, but the meso- and metapleurs are quite distinct. 
The sternites are small. 


F 


—= —————— 
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The pronotum is a saddle-shaped piece with the breast plates ex- 
tending ventrad and covering the propleura. The pronotum is long 
or short sometimes being reduced to a mere collar (Catonia) and 
sometimes longer than the mesonotum. It is usually medianly eari- 
nate and more or less notched posteriorly, although it is truncate in 
most Issinw. There are frequently intermediate and lateral carine 
whose positions and direction have been much used as generic char- 
acters among the Delphacine. The breast plates are usually sepa- 
rated from the dorsal field of the pronotum by distinct carine. 

The mesonotum is generally longer than the pronotum, broadly 
triangular and is as a rule provided with three distinct carine, some- 
times five (Oliarus). In all of our genera there are distinct tegule 
at the base of the fore wings. These are broadly crescentric in shape 
with one horn directed dorsad and the other laterad. The tegule are 
frequently medianly carinate and their shape and size furnish good 
diagnostic characters. 

THorActc APPENDAGES. The thoracic appendages are the typical 
three pairs of legs and two pairs of wings although the metathoracic 
(hind) wings are sometimes wanting (most brachypterous forms). 
The legs have the usual segments of an insect leg, with well developed 
trochantines and three jointed tarsi. In the prothoracic (fore) legs 
the cox are generally long sometimes nearly as long as the femora. 
The femora and tibie are terete with the former thick and the latter 
slender. They are nearly equal in length. Sometimes (Phylloscelis 
and Phyllodinus) the femora and tibiz are much dilated. Spines are 
usually absent on the fore legs and the pulvillus and claws are weakly 
developed. The mesothoracic (middle) legs are but little used taxo- 
nomically. They are somewhat intermediate in character between the 
fore and hind legs. In the metathoracic (hind) legs the coxe are 
usually nearly globular in shape but sometimes they are more elon- 
gate. The femore are clavate and not especially elongate. The tibie 
are slender and much elongate. Normally they have one or more 
heavy spines along the posterior lateral margin, although these spines 
are sometimes absent (Myndus, Oecleus). The number of these spines 
are not specifically constant as has been assumed by some writers as 
the number frequently varies on the two members on the same speci- 
men. The number of these tibial spines and their approximate posi- 
tion should be recorded in all generic diagnoses, however, as they are 
very useful. The hind tibie frequently end in a circlet of spines 
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whose number and arrangement seems to be rather constant. The 
two basal segments of the hind tarsi are usually provided with well 
defined spines ventrally on their apical margins. The claws are 
usually weak and simple but the pulvilli are frequently of consider- 
able size. The members of the subfamily Delphacine are provided 
with a special organ, the ealear, which is an organ of great taxonomic 
importance in this group. It assumes four primary shapes: spini- 
form, in which it is slender and attenuated to a rather fine point; 
eultrate, in which it has one edge thick and the other edge thin like 
a thick bladed knife, the thin edge may or may not be provided with 
marginal teeth; foliaceous, where the calear is reduced to a thin leaf- 
like structure; and lastly teetiform, where the calear is angled in 
cross section, in some cases (Stenocranus) the two edges of the tecti- 
form calear are brought close together and the space between is filled 
with a sponge-like mass. In both the foliaceous and tectiform calears 
the edge may or may not be provided with minute teeth. 

Tue Wines. Not very much attention has been paid to the taxo- 
nomic characters in the wings of the Fulgoridw. This is perhaps due 
to three reasons: (1) The fere wings of Fulgoride oceur quite com- 
monly in three forms; a very short wing with reduced venation cov- 
ering the basal segments of the abdomen only, brachypterous; a wing 
of moderate length covering most of the abdomen and with fairly well 
developed venation, kcelopterous; and lastly a wing usually longer 
than the abdomen frequently much longer with fully developed ve- 
nation, macropterous; (2) the branching of the longitudinal veins 
are not constant either for the genus or species; (3) the position of 
the cross veins is very variable and the number is not constant. Yet 
in spite of these objections the wings furnish good characters and I 
feel sure that no satisfactory classification of the higher groups of this 
family will ever be made without taking into consideration the wing 
characters. 

Just what are the factors that produce brachypterous, kcelopterous 
or macropterous wings is one of the many unsolved questions in bi- 
ology today. The reduced wings are found in certain groups only 
and so far as I know are never found in the following subfamilies: 
Fulgorine, Flatinw, Acanolonina, Achiline, Derbine, Cixiine. 
Brachypterous and kclopterous wings are fairly common in the sub- 
family Dictyopharine, oecur about as commonly as macropterous 
wings in the Delphacine, and are all but the rule in the subfamily 
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Issine. That this is not determined by environment would seem to 
be settled by the fact that brachypterous and macropterous forms, or 
kelopterous and macropterous forms of the same species occur on the 
same host plants at the same time. That the factors are hereditary 
would seem in accord with all known facts but would require experi- 
mental proof before it can be established. 

In spite of the fact that the longitudinal veins are not always 
constant either within the genus or species they are constant enough 
to furnish good characters. On the basis of wing venation the Ful- 
goride of Eastern North America fall into eight groups. Group one 
includes the subfamily Fulgorine and is distinguished by the follow- 
ing points: subeosta and radius are not united save for a short dis- 
tance at the base, radius and medius are united for a considerable dis- 
tance, cubitus is provided with several accessory veins, the second and 
third anals are united into a common stem, the surface of the fore 
wing is reticulated by many cross veins and the hind wing has 
the anal area reticulate. Group two includes the subfamily Flatina, 
it may be distinguished as follows: costa is distant from the margin 
of the wing and united with it by a series of transverse veinlets; the 
other veins are distinct and have many accessory veins, second and 
third anal distinct. The third group includes the subfamily Acana- 
lonine. This group has the costal vein distinet from the margin but 
not connected by transverse veinlets, the other veins are distinct and 
connected by reticulating veinlets, cubitus is unbranched. Group 
four includes the subfamilies Achilinw, Derbinw and Cizxiine. The 
. principal character in this group is that subcosta and radius are united 
for a considerable distance from the base. Group five includes the 
subfamily Dictyopharinw. The members of this subfamily in our 
fauna have subcosta and radius completely united and with medius 
and cubitus distinctly two branched before the apical reticulate area. 
Group six includes the subfamily Delphacine and is perhaps simply 
an evolution of group four. Subcosta and radius are united as in that 
group but the single stem ‘of radius after its separation from subeosta 
is bent anally and merges for a short distance with medius one plus 
two only to separate again and appear as a distinct vein like a branch 
of medius. Group seven includes the Jssinw whose wings are generally 
so reduced either brachypterous or kelopterous that little can be said 
about their real character. For the most part the veins are straight 
and extend from the base to the apex without branching but are con- 
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nected by many transverse veinlets. Group eight includes our Tropi- 
duchine which have a venation quite similar to our Dictyopharine, 
but costa is distant from the margin of the wing sometimes united by 
transverse veinlets, and the apical portion of the corium is separated 
from the basilar portion by a distinet transverse vein, thus paralleling 
the development of the Heteroptera. 

THe ABDOMEN. Outside of the genitalia the characters of the ab- 
domen have not been much used. The general shape of the abdomen, 
whether compressed or depressed is sometimes useful and I have no 
doubt that other good specific and generic characters await discovery. 
The abdomen in Fulgoride consist of eight definite segments with the 
ninth, tenth and eleventh segments much modified by the genitalia. 
Typically each segment consists of the usual tergite, sternite and 
pleurite. The pleurites are modified in that they usually have a broad 
lateral portion and a broad ventral portion. The first and second 
segments are modified by having their tergites ending in a posteriorly 
directed process from the metapleura. The pleurites are wanting and 
the sternites are mostly covered by the metasternum, the coxa and 
trochanters of the hind legs. The spiracles of these segments are 
situated dorsally well within the lateral margins and the second pair 
is usually much larger than the first pair. Segments three to six are 
usually typical with their spiracles on the lateral faces of the pleurites. 
Segments seven and eight are usually modified by the genitalia but 
have a pair of small spiracles on the lateral faces of the pleurites. 

THe GenirauiA. The genitalia are useful in some groups espe- 
cially in the Delphacine where the male genitalia are the court of last 
appeal for specific determinations in many genera. In a few other 
groups they are frequently useful but in many groups they seem to 
be entirely useless. In the Delphacine the female genitalia are very 
similar to the female genitalia in other Homoptera and consist of a 
pair of swollen pygofers on either side of the ovipositors. In the males 
the ninth segment is modified into the tubular pygofer which opens 
posteriorly through a more or less circular genital aperture which in- 
cludes the anal segment and the anal style dorsally. Ventrad the 
aperture is frequently incised to form the ventral sinus, and dorsad 
there is an incision, the dorsal sinus (anal emargination), which en- 
closes the anal segment. The angles where the sinuses merge with 
the genital aperture are sometimes prolonged and form the dorsal 
(anal) and ventral angles. In a few eases the ventral wall of the 
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genital aperture is prolonged into variously shaped lobes or plates, 
which may be known as the genital plates. In a few eases there is a 
single median tooth on the ventral margin, the genital tooth. Look- 
ing directly into the genital aperture one can usually see the dia- 
phragm which almost completely divides the genital chamber into an 
outer and inner chamber. The dorsal margin of the diaphragm is 
sometimes straight transverse and is sometimes variously armed or 
toothed, genital armature, these teeth are frequently prolonged and 
hook-like, genital hooks. The outer genital chamber contains two 
style-like plates, the genital styles, which are of various sizes and 
shapes. The following terms are used in describing them: outer and 
inner margins; apex with inner and outer angles. The edegus lies 
in the inner genital chamber and projects posteriorly through the 
genital orifice. The tenth abdominal segment is modified into the 
anal segment which is armed ventrally with one or two hook-like pro- 
cesses, the anal processes. The eleventh segment constitutes the anal 
style. 

Various modifications of the genitalia exist in the other subfamilies 
but so far as I am aware no one has attempted to homologize the 
genital structures of the different subfamilies of the Fulgoride. 


CLASSIFICATION 


The classification adopted is substantially that of Van Duzee’s 
Catalog of the Hemiptera of America North of Mexico (1917). 
Wherever additional synonomy has been used it is clearly indicated 
under the genera or species concerned. Otherwise the student is re- 
ferred to this excellent catalog for matters of nomenclature. As 
stated elsewhere the writer is far from satisfied with the present ar- 
rangement of subfamilies but as our chief interest in this paper is 
the identification of genera and species a thorough revision of the 
higher divisions need not concern us greatly. 

The key given below is based as far as possible upon two con- 

trasting characters. Having used it repeatedly during the past three 
years, on material from all parts of the country, no one is more fa- 
miliar with its weaknesses than the writer. Nevertheless it is an at- 
tempt to stabilize our knowledge of the classification of the Pulgoride 
and to make easier the path of the beginner. The characters used 
throughout are what appear to the writer to be the most obvious ones 
available. These characters have been taken entirely from forms in 
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our territory and do not necessarily have any significance when ap- 
plied to extralimital forms. As far as possible I have made an at- 
tempt to inelude all our deseribed forms. A few forms as listed be- 
low have not been included for the reasons stated. A few forms have 
been included on characters which seem to be reliable, although I have 
seen no specimens. In many genera recourse has been had to color 
characters, a rather doubtful procedure, while in other genera it has 
been necessary to resort to genital characters from the one sex or the 
other, which is apt to prove disappointing if the sex one is trying to 
identify is the opposite sex to the one used in the key. At the present 
time the only hope in all such cases is to collect enough material and 
then by careful comparisons work out both sexes. For economy of 
time and space the keys to the subfamilies, genera and species are all 
grouped together, thus avoiding the necessity of searching through 
several pages in locating any given form. 


The following changes in the nomenclature adopted in the Van Duzee 
Catalog are proposed: 


Elidiptera Spinola to Epiptera Metealf. 

Cyclokara vanduzei Ball to Patara vanduzei Ball. 

The genus Lamenia Stal in our territory to Herpis Stal as has been suggested 
by Muir; 

The genus Cenchrea Westwood in our territory to Phaciocephalus Kirkaldy; 

Stenocranus saccharivorus Westwood to Saccharosydne Kirkaldy; 

Stenocranus longicornis Dozier to Megamelus Fieber ; 

Stenocranus paletus Van Duzee to Megamelus Fieber ; 

Pissonotus piceus Spooner to Phyllodinus Van Duzee; 

Pissonotus crawfordi n. n. for Dieranotropis marginatus Crawford nec 
Pissonotus marginatus Van Duzee; 

Pissonotus foveatus Spooner to Pissonotus quadripustulatus Van Duzee; 

Pissonotus variegatus Spooner to Pissonotus quadripustulatus Van Duzee; 

Phyllodinus kebelei Osborn to Phyllodinus flabellatus Ball; 

Stobera quadripustulata Van Duzee to Pissonotus Van Duzee; 

Stenocranus breviceps Dozier to Liburnia slossoni Ball; 

Liburnia arvensis Fitch to Liburnia pellucida Fabricius ; 

Megamelus constrictus Crawford to Liburnia Stal. 


The following species have not been included in the present review 
for the reasons stated : 
Liburnia culta Van Duzee known from the female sex and I have been unable 
to place it; 
Liburnia fureata Provancher, the male has not been described and I have 
been unable to place it; 
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Liburnia seminigra Stal, the male has not been described and I have not 
been able to place it; 

Liburnia unicolor Walker, the type is an immature specimen according to 
Mr. W. E. China. 

Dicranotropis luteivitta Walker, the male genitalia have not been described; 


The following species have not been seen by the writer : 


Calyptoproctus marmoratus Spinola described from North America 
Myndus lunatus Van Duzee 

Monopsis tabida Spinola 

Aphelonema decorata Van Duzee 

Thionia transversalis Melichar described from North America 
Ormenis pauperata Melichar 

Ormenis relicta Fabricius 

Ormenis proxima Walker 

Otiocerus francilloni Kirby 

.Otiocerus reaumurii Kirby 

Megamelanus rufivittatus Ball 

Pissonotus binotatus Spooner 

Pissonotus divaricatus Spooner 

Phyllodinus piceus Spooner 

Stobera affinis Van Duzee 

Liburnia dolera Spooner 


The following species have not been reported previously from America 
North of Mexico: 


Poblicia constellata Walker, Mexican 

Acanalonia virescens Stal, Mexican 

Cyarda acuminipennis Spinola, West Indian 

Cyarda walkeri n. n. for Cyarda conformis Melichar nec. Walker. 
Flatoides insularis Melichar, West Indian 

Flatoides tortrix Guerin, West Indian 

Bakerella maculata Crawford, Mexican 


The following new genera are proposed: 


Ciocixius for Cixius dorsivittatus Van Duzee 
Traxus, orthotype Traxus fulvus n. sp. 
Euklastus, orthotype Euklastus harti n. sp. 
Neocenchrea for Cenchrea heidemanni Ball. 
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The following new species are described : 


Crepusia glauca Bruchomorpha decorata Megamelus distinctus 
Dictyophara recurva Bruchomorpha bicolor Megamelus estus 
Seolops parvulus Bruchomorpha vittata Megamelus inflatus 
Epiptera brittoni Bruchomorpha rugosa Megamelus uncus 
Catonia carolina Aphelonema rosa Megamelus anticostus 
Catonia luella Traxus fulvus Pissonotus speciosus 
Catonia pini Thionia quinquata Pissonotus fulvus 
Catonia lunata Acanalonia fasciata Pissonotus nigridorsum 
Bothriocera drakei Flatoides maculosus Liburnia triloba 
Oliarus montanus Flatoides concisus Liburnia gerhardi 
Oliarus texanus Euklastus harti Liburnia alexanderi 
Oliarus vitreus Herpis incisa Liburnia fulvidorsum 
Oliarus vittatus Herpis australis Liburnia unda 
Microledrida fulva Stenocranus arundineus Liburnia shermani 
Cixius apicalis Megamelanus terminalis Liburnia staminata 
Oecleus productus Megamelanus dorsalis Liburnia waldeni * 
Myndus truncatus Megamelanus lautus Criomorphus conspicuus 


Bruchomorpha minima 


Key TO THE SUBFAMILIES, GENERA AND SPECIES OF THE FULGORIDZ 


oF EasterN NortH AMERICA 


Posterior tibice with’ 4, calear 557). 356s ee SUBFAMILY DELPHACINZ 202 
Posterior, tibise without, a; calear 529) 3. fy. acts <reressteiel «1 isto nee reo ee 2 
Fore wings macropterous, clavus granulate or reticulate 501.......... 3 
Fore wings macropterous or brachypterous, clavus of macropterous wings 

not, granulate. or reticulate; 518 :¢o0icasaieva wks tot sia ore apts. ee 45 


Sides of the clypeus sharply carinate; anal area of hind wings reticulate 
SOM os ie diss ols saesperahetsy mmibye tin, «SL Mere o Rate toc eee eee SUBFAMILY FULGORINZ 34 

Sides of the clypeus not carinate; anal area of hind wings not reticulate 4 
Costal area with transverse veins; hind tibie with one to three spines 498 
SUBFAMILY FLATINZ 13 

Costal area without transverse veins; hind tibia without spines 497 


~ 


SUBFAMILY ACANALONIIN2 (Genus Acanalonia) 5 


ACANALONIA 
Vertex conically produced 124..... sedis Sates teh whee Acanalonia conica Say 
Vertex not conically produced, at most triangular before 133......... 6 
Size small, less than 5 mm. in length 118........... A. pumila Van Duzee 
Size larger, more than. 7 mm. in length, . <2. 05. «+severeges edaes eee 7 


* Numbers in blackface refer to figures on the plates. 
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10. 


ie 


12. 


13. 


14. 


15. 


16. 


Nils 


Color green or rosaceous, usually with two brown stripes on the lateral 
margins of the vertex and thorax which extend along the sutural margins 
to the) apex of the clavis 124.5 ).555 io AB. Sd Wider at A 8 

Coloriereens without Hbrolwil Stripes cia scree cite sp wiles cslcet ee Ge fies a 9 

Venation rather simple; last ventral segment of the female not produced 558 

A. fasciata Metealf 

Venation strongly reticulate; last ventral segment produced, notched at 


Deb veNabre PPR peta Ste 2) We 's Soe se tab ap Ahoy eB (nay orb slnangar a othe tere.o8s, ohare A. bivittata Say 
iWertex flat. no rounded before d30u. 25 $2.2. .tes ses A. virescens Stal 
Vertex notiiat, -stronely rounded) before) 133)+. 20.23.52... bee eee es 10 


Mesonotum without median carina; fore wings short and broad, not marked 
Wilkes COUS POMS OMaThe aplCAlemanoins1S2 es enes se scene we = tire i 
Mesonotum with an evident median carina; fore wings longer, marked with 
fuscous points on the apical margin 133 ........ oa AA Sete eae eae 12 
Fore wings shaded with fuscous along the claval suture; second branch of 
medius with three branches arising at about the same point; vertex 
HON Caheelaly.psegesc wcsivic cits wales 1s 2s eaten ore ge) oore a ORT A. concinnula Fowler 
Fore wings not shaded along the claval suture; second branch of medius 
branching into two veins, the posterior one again branched; vertex 
broadhy reand ed USF kev ven as et Ske ees A. immaculata Kirkaldy 


Length 10-11 mm.; costal margin of the wing broadly rounded 
A. latifrons Walker 
Length 14-15 mm.; costal border of the fore wings nearly straight pos- 
MERAY Nes cia taltnt sc alaera the Cin lve trect £ cise, eemteree eters ak A. servillei Spinola 


SUBFAMILY FLATINA 


Reet Seu Wit: Pleats AOS. wt a tek rai salad enh unig alc eta Fieox Weds vik mad 14 
Witte non arn wen. 2 chlly AIS! 55 Tie G tran « ou nye os fase coe Seago hd ere aoe « Lf 
Wings three or four times as long as broad, with the apical margin ob- 

PromehyecrUnea be: AD: tc. Ve ee Seles Cela geek ce Genus Cyarda Walker 15 


Wings but little longer than broad, produced into an acute point 41 
Rhynchopteryx caudate Van Duzee 


CYARDA 
Vertex narrow, usually not more than twice as broad as long 136 
Cyarda melichari Van Duzee 
Vertex broader, usually more than three times as broad as long 138.... 16 
Vertex with a distinct transverse carina basally; size small, 8 mm. 138 


C. walkeri Metcalf 
Vertex without transverse carine; size large, 11 mm. 139 


C. acuminipennis Spinola 
Vertex short, nearly: litter \102 <2). shies oss ec socal Genus Ormenis Stal 18 
Vertex triangular, produced 145... 0. 6c... 8. Genus Flatoides Guerin 26 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
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ORMENIS 

COLOR LQG S «x « x wv /vie Sule vie ina Gerd Beata so allay ise aaes BA ee 19 
Color dark with evident pruinosity when fresh 13....Ormenis pruinosa Say 
With one sub-apical line on the fore wings 498.................00e 20 
With two sub-apical lines on the fore wings 499.................00 22 
Head and thorax green, marked with red 10........... O. rufifascia Walker 
Head and thorax not marked. with ted. «6. shia as oe os cele Pe 21 


Sub-apical line widely separated from the apical border 
O. venusta Melichar 


Sub-apical line near. the apical border............. O. pauperata Melichar 
Gite arab) Gi mins otis 's dy Ge bie os ee eR O. proxrima Walker 
Alize: larper, 8-10) mm). EDA op iwse dw ds cae ey ei en 23 


Frons with median carina well elevated; mesonotum yellowish or brownish 
testaceous, sharply contrasted with green wings 141...0. chloris Melichar 
Frons with median carina indistinct; mesonotum not sharply contrasted 


with, the ‘wingadAAs « » «sleek Forks 'g Lis erp plately ae acl ates ate ac 24 
Wings ‘pale ‘with- brown spote..2.2.....0 vin. ce 60s bees O. contaminata Uhler 
Wings without, brow spots. 2.0... as cay ts avceieee caveoeee ee 25 


Both sub-apical lines united with the costal nerve 499 
O. septentrionalis Spinola 
The last sub-apical line not reaching the costal border 500 
O. relicta Fabricius 


FLATOIDES 
Hind tibie with three spines before the apex; fore wings light buff, heavily 
spotted with large black spots 17.......... Flatoides maculosus Metealf 
Hind tibie with two spines before the apex; fore wings variously col- 
FO ss athe o's ain tl ge pds oti ele sie 6 are Rigen ate 6 Mpa ee Go eee 27 
Color blackish fuscous, unmarked 16................. F. fuscus Van Duzee 
Color lighter, more or less strongly marked with darker 15............ 28 
Vertex nearly twice as long as broad 147, ..: ....06+anvitesle nanan 29 
Vertex not twice as. long ‘as broad 1514004... 4s 10s vba a) eae 30 
Color ochraceous green, with a transverse fuscous band at the apex of the 
clavus and numerous fuscous flecks...............+..- F. tortriz Guerin 
Color ochraceous yellow with a fuscous stripe along the claval suture and 
then diagonally to the costal margin.............. F. insularis Melichar 
Vertex acute at the apex; anterior margin of the pronotum not notched 
LAG 5. aicrasaincarki a © was aawibnli¢.a 8) Rissa a's ere pibyeLa reset tady Ay Hels oo eee Mee Cie ete ee 31 
Vertex obtuse at the apex; anterior margin of the pronotum notched 
152, hiss wporhit COWS RK DT nee Gee ee Paver eee rie 33 
Vertex twice as broad as its median length 150...........+seseeeree 32 
Vertex not twice as broad as it median length 151........ F. acutus Uhler 
Color ochraceous buff with a broad transverse fuscous band at the base and 
at the apex. of clavas.t. 00 c5900e so ede eet F. concisus Metealf 


Color greenish without evident transverse bands ..... F. punctatus Walker 
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33. 


34, 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


44, 


Frous nearly smooth; vertex not produced 152......... F. signatus Melichar 
Frons with two prominent rolls near the base; vertex produced 154, 155 
F. scabrosus Melichar 


SUBFAMILY FULGORIN 42 


PRG o Cae ULON Cys TE OUULG GOs Olt vetetty crerceteKey eles ofetes ets cia\e: 5-15] e).0i5, si erste aja. 6 aie 35 
HGRG Se NOb sSLTONO lye PLOOUCEG pdb Sicts aie. lelete cletayn cals eve erer cists) aioe 0) oss shal cs 37 
Cephalic process expanded apically; lateral carine of the vertex crenulate 
USO ry cherets tte Tents i okccroioi ra erane Someta lo hrel Gntemheerenss Scolopsella reticulata Ball 
Cephalic process narrowed apically; lateral carine of vertex not crenulate 
ISOM ares sane osuoreneie aye aicliguala aber ote. aietaitebenar a alensiiees ca) ohas Genus Amycle Stal 36 
AMYCLE 
Cephalic process narrow, elongate 159.............. Amycle vernalis Manee 
Cephalic process soroader: 160%. cinlere is acl stneiclsr eget oles A, saxatilis Van Duzee 


Ninth abdominal segment elongate, quinquecarinate 
Calyptoproctus marmoratus Spinola 

Ninth abdominal segment not elongate, not quinquecarinate.......... 38 
Posterior border of pronotum with a transverse carina 163 

Crepusia glauca Metealf 
Posterior border of pronotum without a transverse carina 165........ 39 
Vertex short with a distinct sulcus between vertex and frons 172 

Genus Poblicia Stal 42 


Vertex longer, produced anteriorly 165.......... Genus Cyrpoptus Stal 40 
CYRPOPTUS 
Medius and cubitus of the fore wings forked at about the same distance 
from the base; fore wings opaque 501......... Cyrpoptus belfragei Stal 
Medius forked much nearer the base than cubitus; apex of the fore wings 
Semitiransparents SOLF m5 cto vis bie wicle) ss chelongeie «614s Berane sae ey Suouent Ties Re oe ~ 4] 
Apex of the fore wings with a diagonal transparent vitta; base not clouded 
with fuscous; wings strongly flaring............ C. reinecket Van Duzee 
Apex of the fore wings without a diagonal transparent vitta; base clouded 
with fuscous; wings not strongly flaring............ C. nubeculosus Stal 
POBLICIA 
Fore wings tricolored; base greenish; apex fuscous with a sub-apical trans- 
Verse Vittal transparent +9... vcdis. « olscice eds « « Poblicia constellata Walker 
Fore wings not tricolored, no sub-apical transparent vitta............ 43 
WOLOT EP AlePOCHMACCOUS GA avs ci epeiect telat orsietel cee: Vetaicy atc okateus) steno pore: a P. misella Stal 
Gollan rr aaneycraers “are Moje Velatiy jee sia SG mop Gecd optics Marne aC FOO oro CoC 44 
Color fuscous, veins and, veinlets pale............... P. fuliginosa Oliver 


Color blackish, veins and veinlets black......... P. thanatophana Kirkaldy 


46. 


47. 


48. 


49, 


50. 


51. 


52. 
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Macropterous wings with subcostal vein branching to form a distinct post 


nodal cell or post nodal cells; no brachypterous forms 518.......... 104 
Macropterous wings with subcostal vein not branching to form a distinct 
post nodal cell; brachypterous forms common 509...........-+++5 46 


With a distinct cross vein from costal margin to apex of clavus dividing 
the fore wings into a distinct corium and membrane with many cross 
eile Ube Aaa doen Hanes hao} ton deepa: SUBFAMILY TROPIDUCHINZ 47 

With no distinct cross vein from costal margin to apex of clavus 508 49 


SUBFAMILY TROPIDUCHIN # 


Hrons with 2&2 Median (canine, TBO ss civ w <5 su ielatetetene le =e le) tere 48 
Frons without a median carina 178......... Pelitropis rotulata Van Duzee 


Costal cross veins present; vertex as long as the mesonotum 506 
Neurotmeta sponsa Guerin 

Costal cross veins absent; vertex shorter than the mesonotum 507 
Monopsis tabida Spinola 
Lateral margins of the pronotum equalling its median length; head nar- 


rower than the mesonotum 201........... SUBFAMILY DICTYOPHARINZ 50 
Lateral margins of the pronotum shorter than its median length; head 
usually as broad as the mesonotum 215.......... SUBFAMILY ISSINZ 68 


SUBFAMILY DICTYOPHARIN © 


Vertex produced in front of the eyes; anterior femora simple 184.... 52 
Vertex transverse; anterior femora foliaceous 182, 530 
Genus Phyllescelis Germar 51 


PHYLLOSCELIS 

Fore wings pale, veins brown, dotted with white 8..... P. pallescens Germar 

Fore wings black, veins uniform black or broadly pale yellow 6 
P. atra Germar 
Fore wings pale, transparent green, much longer than the abdomen; vertex 
not suddenly constricted in front of the eyes; cephalic process triangular 
ZOOM 55205 che sets Grate oie <tete ate icrnes nearness Genus Dictyophara Germar 64 
Fore wings coreaceous, equal to or slightly longer than the abdomen; vertex 
suddenly constricted in front of the eyes; cephalic process very slender, 


nearly parallel-sided 184..........2..2c-+0s> Genus Scolops Schaum 53 
SCOLOPS 

Fore wings densely and uniformly reticulated apically 52...........+. 54 

Fore wings with only a few irregular cross veins apically 53.......... 55 


Reticulations of the fore wings small, the veins margined with darker; 
cephalie process rather slender 184............+.+: Scolops sulcipes Say 
Reticulations of the fore wings large, not margined; cephalic process 
SEOUCEL= {USB soca) cture's:ecals i Sea civse te eye ees bre ae ae Ae oe S. osborni Ball 


——— 
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55. Cephalic process with the lateral margins nearly straight lines sometimes 
CONVOCCIN Cera NICAL yaw OS wate acy rsne stenavai PMY sein iohtasestsicicies St ausiele'«,e ©: 8:6)ers le 56 
Cephalic process suddenly narrowed in front of the eyes, the lateral mar- 
ming néarly~ parallel Tote sapex 292 0. ute so) clsie ce, 5's easels eee. e 58 
56. Cephalic process slender; size small, less than 5 mm. 186 S. parvulus Metcalf 
Uapualige process. SUOUE | LEY v5 i5 achekions doeciw ous wnete pauaiies Bim» Hc, eiian skis = 57 
57. Cephalic process short; the margins of the frons somewhat expanded to- 
ward the apex of the cephalic process giving it an inflated appearance 
IRS /S! Ais. 0 ON Oboe oO IO ole o oO oO BNO bUOmeporucde tne S. hesperius Uhler 

Cephalic process long, tapering anteriorly, not inflated 188 
S. grossus Uhler 
58. Costal vein mostly white, the costal cell white 53.................... 59 
Costal vein alternately dark and pale, the costal cell not white........ 60 
59. Cephalic process shorter than clavus; veins of the fore wings nearly uni- 
sO RMIe LOO Ae aie cterste: c/a caste alate ons oes ec Acite ne See eee S. angustatus Uhler 
Cephalic process longer; veins of the fore wings distinctly alternate with 
danke HG LO 2) ste wept eon tate vorstataol aclotehen skeen se oie lps 1a tal eret S. perdix Uhler 
DUS Chis Ete STET os eA OI oI or Cacac Al cues © OicrchOnd fie chow oder A Lo OOOO S. viridis Ball 
COLOT Ob SRSSTI peters «shea eh wllote 1s ouesel sy sie) creel siete 9).a\'shs fel ayey wlacei oie a sie senetal oe yori) Ol 
Gili Coplalice process SUOrt wl O4 sere sree sie seveleve oo ctelatale mrcterctctste «fo: e'e'ate errs! 62 
CephaliGsprocessmlOney MOG! poet so icdesoneloneiareie sveielerelaiaisrsreterscoleneyotevonns (o- 63 
62. Cephalic process stout, at least four times as long as the diameter of the 
CV eLOA Shiepttro chaterars wianceds nmin aiereran iter lctiia «ittels, suedsveiais S. desiccatus Uhler 
Cephalic process slender, not more than twice as long as the diameter of 
GHEE Kepel OStetes cletlelasoienereiercic he weraraiet) octane cra dete tala Rimrerapel etch S. robustus Ball 
63. Cephalic process very slender, parallel sided 196.......... S. spurcus Uhler 
Cephalic process stouter, somewhat tapering 197.......... S. vanduzei Ball 

; DICTYOPHARA 

64. Many of the cross veins of the fore wings meeting each other, thus form- 
ing a few regular transverse veins 509....... Dictyophara dioxys Walker 
Cross veins many, irregularly placed, not forming transverse veins 
SII): ee Stee, BGG led OE PO PROS GOING PhO. Ci CIoKe CIDLG Dict cits, CuONcncee eho CRU ICER DUR ene 65 
65. Vertex at least twice as long as its width between the eyes 199....... 66 
Vertex scarcely longer than its width between the eyes 205.........:. 67 
66. Cephalic process slender, intermediate carine of the frons nearly parallel, 


67. 


plates longer than the ovipositor 199.............. D. microrhina Walker 

Cephalic process stout, nearly parallel sided; intermediate carine of the 
frons not parallel; ovipositors slightly longer than the plates 201 

D. recurva Metcalf 

Lateral carine of the frons lined with black basally; female plates short 

SG Dien hay a crete ake dle WRN Sc o2 Shee & aah sarah « Tye) Spar suesehes Ee oe euatlersiis D. florens Stal 

Lateral carine of the frons concolorous; female plates long 563 
D. lingula Van Duzee 


156 


68. 


69. 


70. 


71. 


72. 


80. 


81. 
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SUBFAMILY ISSIN AS 


Fore wings short, usually shorter than the abdomen and not covering the 


laberal Margins 37) pce <ctierereeisione 200"s) «\e! o's, oye ac asaget oie aha ie a ran ae 69 
Fore wings longer than the abdomen, broader, covering the lateral margins 
GE cic bak aes Wy lo Pir & pcle eee Rem RUNS Sk mw alas alate ee 90 
Fore and middle tibia expanded 531...... Genus Fitchiella Van Duzee 71 
Fore and middle tibia not expanded..........0.cccccecssvccrsvsccses 70 


Clypeal suture not evident, head triangularly produced, face more or less 
MOLIZONTA 21 G wey tars ctovey aia tate etaetors. ss Genus Bruchomorpha Newman 73 
Clypeal suture evident, head not triangularly produced, face vertical 236 
Genus Aphelonema Uhler 84 


FITCHIELLA 
Nasal process expanded apically, knob like 207..Fitchiella robertsoni Fitch 
Nasal process not expanded apically 210............-se eee e ee eeeees 72 
Nasal process viewed dorsally, obtuse 209............... F. fitchi Melichar 
Nasal process viewed dorsally, acute 210................ F. melichari Ball 
BRUCHOMORPHA 
Body and wings black, often with a pale dorsal vitta 51............. 74 
Body and wings mostly pale 57.......ccce-censescncnscnsncsssceas 81 


Body and wings black without pale median vitta; legs uniformly black 75 
Body with a pale median vitta; legs in part at least pale............ 76 
Size large, robust; the lateral carine of the mesonotum strongly elevated 
Bruchomorpha tristis Stal 

Size small, slender; the lateral carine of the mesonotum faint 
B. minima Metealf 


Nasal process protuberent, concave ventrally 218...........++++++-. hy 
Nasal process not protuberent, not concave ventrally 221............ 79 
Dorsal vitta evident extending from the apex of the head to the apex of the 

ADAOMOM SL... 4. sia ioe eat (oieiers ere tar otatetn ce ele etatete siete aie B. dorsata Fiteh 
Dorsal vitta only faintly indicated on the head.................... 78 


Nasal process viewed from above centrally compressed; lateral carine 
SINUALO LUD isn «pea ei sual inte eter e cece oe eed er eee tes er erate B. oculata Newman 
Nasal process not compressed; lateral carine not sinuate 217 
B. nasuta Stal 
Nasal process upturned at the apex; dorsal vitta broad, extending to the 
apex of the brachypterous wings 219............- B. suturalis Melichar 
Nasal process not upturned at'the apex O20 ok aa vines 20% Sa 80 
Dorsal vitta evident, extending to the apex of the mesonotum 55 
B. vittata Metcalf 
Dorsal vitta not extending to apex of mesonotum........ B. pallidipes Stal 
Wings strongly rugose 56.......... cece eee cere eee teen eee eeeeenees 82 
Wings not strongly TUgOSe...... 66. c cece eee eee eee teen nett ee eees 83 
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82. 


83. 


84. 
85. 
86. 
87. 


+ 88. 


89. 
90. 


91. 


92. 


93. 
94. 


95. 


96. 


Nasal process produced, concave ventrally, nearly unicolorous 222 


B. rugosa Metealf 

Nasal process not produced, not concave ventrally 223 B. decorata Metealf 
Nasal process slightly protuberent, not concave ventrally, an evident stripe 
on each side of the apex of the vertex across the eyes to the apex of 


COG MADUGIRON PSU LET eee eras vsrne em nies das dae cio ew B. bicolor Metealf 

Nasal process not at all protuberent, unicolorous 225........ B. jocosa Stal. 
APHELONEMA 

Wertem sieth, tanaverse 220i e. We tecastaia fh)s vac visi si8 s&s Gk bias a1e eles 85 
Vertex more elongate, nearly as long as pronotum, six-sided 236...... 88 
General color pale ochraceous yellow or blackish fuscous.............. 86 
General color right, red? 2. 0. 57.\. 0 ).) 5 ejaves winale oe x Aphelonema rosa Metcalf 
Frons elongate, clypeus black 229................: A. obscura Van Duzee 
Prous. (iransverse,, ely peus, Not DiaGk 2S, oe jis Pawke cine oeeieee a ochies ts 87 
General color of the body pale ochraceous buff........... A. simplex Uhler 
General ‘color of tlie, body darker. 720 y 2. 0S .. 6. A. decorata Van Duzee 


Frons almost parallel-sided; intermediate carine not strongly arched 233 
A. bivittata Ball 


Frons nearly circular; intermediate carine strongly arched 235...... 89 
Ta tHe HUGO! mein, Stee ect vie en ah cere lee Vale bile as A. rugosa Ball 
PGrer WilisEe NOL UUGORS BOs i ats:2 ote ste ke IS ee ola ala was A. histrionica Stal 
Fore wings reticulate, venation not evident G0...............eeceeees ll 
Fore wings with the longitudinal veins evident 65................... 92 


Vertex triangularly produced anteriorly 60...Misodema reticulata kee 
Vertex obtusely produced anteriorly; body hairy 61 
Dictyonissus griphus Uhler 


General surface of the wings rugulose; vertex broadly emarginate anteriorly 


GZietewetere ere rap sp tite tare Te ware Atha ota seatereiete © sitters core i Traxus fulvus Metcalf 
General surface of the Wings not much roughened; vertex not broadly 
BINACOIALe: SEMLERIOIEY 4%, milk Aru 0,52 onteclitida dal ened be tales © 93 
Cupid Metis: DRAREHING B14 53... 5222 24h se 5 ess ek dae ches 94 
Cubitus of the fore wing unbranched 515...........0....2cccceecees 96 
Hund: tibia with: two Bpities 539.25... oe le Issus servillet Spinola 
ind iibiat With LOUE OF diVG APMICS 534. 5 co eels. asic stan s wewiae Be ueen 95 
Vertex transverse, rounded anteriorly, wings broadly expanded at the base, 
LOVIN OV BUM OF ere els stchaetiers,.c ¢ctcTS ersecetacreceea Gaye Picumna ovatipennis Walker 
Vertex elongate, triangularly produced anteriorly, fore wings not expanded 
at the base, form elongate 65........... Issomorphus maculatus Melichar 


Fore wings short, not twice as long as broad; hind wings small 66 
Genus Hysteropterum Amyot & Serville 97 
Fore wings longer, twice as long as broad; hind wings broad with a dis- 
tinct incision between first and second anal vein 67 
Genus Thionia Stal 98 
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97. 


98. 


39: 


100. 


NOE 


102. 


103. 


106. 


107. 


108. 
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HYSTEROPTERUM 
Color dark brown; the fore wings with numerous round points; anterior 
margin of the vertex broadly sinuate between the eyes 246 

Hysteropterum punctiferum Walker 
Color ochraceous orange, the wings clouded with brown; anterior margin of 

the vertex nearly straight between the eyes, indented medianly 247 
H. auroreum Uhler 

THIONIA 

Vertex ‘broader ‘than lone) 250)o. fei. it. oie. evetelavedndeleha «0 iaielecele shortest 99 
Vertex as long or longer than broad: 256..'..0. 0.0.0 0s sees one ee 100 


Basal margins of the frons nearly straight between the eyes; fore wings 

unicolorous with dark veins 249................. Thionia simplex Germar 

Basal margins of the frons broadly concave between the eyes; fore wings 

VATIOC ALM AAS ls. \.0 cote beyasesuclsicgsustere, herons clerk eer tenateee ote T. elliptica Germar 
Frons slightly arched with a bright yellow transverse band 

T. transversalis Melichar 

Frons not arched, without a transverse band...............---t.00- 101 


Vertex acutely produced anteriorly; cells of fore wings with minute dark 
POUES ZOQ sy sites wise satus See wba tes Elpwalal> oh eee wees T. producta Van Duzee 
Vertex rounded or only obtusely angulate anteriorly; fore wings variegated 
DBC vila,» Macavews as saves! s apyStans, Bu sbote a tele venti 6 levone aseueceuste PARR anaes Ua kag eae 102 
Vertex rounded anteriorly; fore wings with an ocellated spot near the 
APES - 254i. sisiess <6 Ste. wemtera\p einige secieremen Gave ets ip eels ayer T. ocellata Melichar 
Vertex angularly produced anteriorly; fore wings variegated 256...... 103 

Vertex strongly five-angled, the lateral margins flaring anteriorly 255 
T. quinquata Metealf 


Vertex obtusely produced, not five-angled, lateral margins parallel 256 


T. bullata Say 
Fore wings overlapping at the apex 72......... SUBFAMILY ACHILINZ 105 
Fore wings not overlapping at the apex............---++2++-+sseeeeee 124 
Pronotum short, collar-like; vertex not much produced, with median carina 
135 PEA PROS RIORSCOL ie Oo non es bArO OS Jom Genus Catonia Uhler 113 

Pronotum not collar-like; vertex produced, with median suleus 258 
Genus Epiptera Metcalf 106 

EPIPTERA . 

General color blackish, nearly umiform.............0....sseseeesse0s 112 
General color brownish variegated with grayish...........0...-ee0es 107 
Frons black with a broad band of white across the apex 49.......... 111 
Frons not black, not banded with white 47...5.......+ss.s00essmees 108 
Clypeus distinctly darker than the frons 47..........+..eeeeeeeeeees 109 
Clypeus not distinctly darker than the froms 48..........0.2+++ee0e: 110 
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109. 


110. 


IGE 


112. 


113. 


114. 


115. 


116. 


We 


118. 


IHIg® 


120. 


122. 


Vertex longer than its basal width; size smaller, 7 mm. 258 
Epiptera floride Walker 
Vertex not longer than its basal width; size larger, 8-10 mm. 259 
E. septentrionalis Provancher 


Vertex broader than long; frons irrorate 48....... E. variegata Van Duzee 
Vertex as long as broad or longer; frons not irrorate, pale with a distinctly 

darker brown band basally 261................... £. slossoni Van Duzee 
Clypeus brown; vertex obtusely angulate anteriorly 262..... E. pallida Say 
Clypeus black; vertex broadly rounded anteriorly 263...H. brittoni Metealf 
Vertex elongate, twice as long as broad 264......... E. colorata Van Duzee 
Wettexcas lono ras) roadie 26a. caciss ace ee ait wis ne aayajvee wel E. opaca Say 

CATONIA 

Wierins) PE Tae) Koel Ayaualeqsl ahem OhaKCiCNe Von ooodcde oop ooO0 OUD Ko OOD OT 114 
Veins of the fore wings distinctly -punctate 14..........0.5..60.005- 116 
Fore wings uniform brown in color, a few of the cross veins sometimes 

murked with paler size larger Out Gyms oy viel. sxe ais @ieisiejepsieieye eine 115 
Fore wings blackish uniformly spotted with small pale spots, size smaller 

DOO UMUC RIUM paw, per cee nepeyepaicesnch et clyde oro) avout 51 oe aiceice Veaite Catonia luella Metcalf 


Frons uniformly black; clypeus paler, strongly contrasted 70 
C. dimidata Van Duzee 
Frons transversely banded with pale 69.............. C. impunctata Fitch 
Fore wings with incomplete transverse veinlets in the cells 
C. grisea Van Duzee 


Fore wings. without transverse veinlets in the cells.................. say 
Ides) Yammer oad cer oct Gudos.o Ob U adoaD DOT toon U OG Od On cic 118 
ace conspicuously banded: 70... 3.3062 ies sa ye. welt is oe ole ole ame) 


Frons with a short white bar at the middle and at the apex, colors darker, 
NIZev lar El wal Ot dOmmniier tet yeteneta) «leet sietlene eNs| hele Galle a) bel C. carolina Metealf 
Frons without the white bars, color mostly tawny, size smaller, about 5 mm. 
C. pumila Van Duzee 


Middle light band narrow, basal and apical bands brownish.......... 120 
IMGrOKONIEN Uiedahee loehatol  loiOLKClmiey anon ao age oo dees onoaonoMboor a OdcnUor 121 


Wings variegated; lateral margins of the frons distinetly punctate 
C. pint Metealf 


Wings unicolorous except the punctate veins....... C. bicinctura Van Duzee 
Basal and apical bands brown, the latter with a distinct pale transverse 
mark along the clypeal border...........-.-eeeeeeees C. lunata Metealf 
Basal and apical bands black...........-. eee see cence ee cree eeecee 122 
Frons much narrowed between the eyes, broadened apically; size larger 
Tt ihiie eee ote Oe coe Eire HOON ECO One Oo Oogmng Dou C. nava Say 


Frons not much narrowed between the eyes; not much broadened apically; 
size smaller, 5 mm. or legss..........2-s secre eeecerees Sates dovetete 123 


160 


123. 


°124. 


127. 


128. 


134. 
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Color strongly contrasted, mesonotum variegated...... C. cinctifrons Fitch 
Color not strongly contrasted, mesonotum unicolorous....C. picta Van Duzee 


Carine distinct on the mesonotum; frontal ocellus usually evident 274 
SUBFAMILY CIXIINZ 125 
Carine indistinct on the mesonotum; frontal ocellus wanting 
SUBFAMILY DERBINZ 172 
SUBFAMILY CIXIIN/& 


. Posterior tibie armed with one to three spines before the apex 538.... 126 


Posterior tibize without spines before the apex 539..............0000. 149 
Posterior margin of the vertex broadly rounded, mesonotum tricarinate 
BOO ©, as, Sfa/dwisie let ha Hom wisn fo sgapadtn gh oink, bys '6_ byAbe’ a pe WORRIES amt kava ae a 139 
Posterior margin of the vertex angulate, parallel to the posterior margin of 

the angulate pronotum; mesonotum usually quinquecarinate 274 
Genus Oliarus Stal 127 

OLIARUS 

Fore wings pellucid, more or less mottled with brown 74............ 129 
Fore wings smoky brown, at least apically 75...........-sscececcees 128 
Fore wings uniform smoky brown, stigma and narrow costal margin pale; 
Site JAK POY) GWU sian stengwrcm Wie owt ek awe Oliarus cinnamomeus Provancher 
Stigma and costal margin not paler; apical third of the fore wings usually 
sharply darker; -hize,Amaller, 6 mm... ... 2.00. tees + on O. humilis Say 
Median tooth of the male pygofer simple, acute 569...............4. 132 
Median tooth of the male pygofer broadly expanded apically 566...... 130 
Vertex about as broad as median length; male styles not broadly expanded 
Dpicallly !SGG. chs ctevenesctaviaie dtc shore MMe en Ne eho aee O. montanus Metealf 
Vertex narrow, produced, genital styles of the male broadly expanded 
eapleally: BGS «as cis. ilFs ca tiene Vs wee a a uel eta eee ie ee wate eae ene 131 
Wing veins uniformly punctate, fuscous markings not confined to the veins 
and cross veins, female with a distinct fuscous longitudinal vitta at the 


apex. Of the: Love swiss eure wets eyelet ai vaveiere retake O. placitus Van Duzee 
Wing veins not uniformly punctate, fuscous markings confined to narrow 
lines on the veins and cross veins............+... O. difficilis Van Duzee 
Fore wings distinctly and uniformly punctate...............seseeee 134 
Fore ‘wings impunctate or nearly 80.3.3). 6 ols ss ve bite sw nly ei ee ieads 133 
Size smaller, 4-5 mm.; fore wings nearly uniform in color, or infuseated 
APICALLY: 569.5 eaves Lathvs ¢ehcle uae Aa Ae eas Ops O. franciscanus Stal. 
Size larger, 8-9 mm.; fore wings with heavy fuscous markings, principally 
on apical veins and Cross VeiNS..........eeeeerees O. slossoni Van Duzee 


Frons with a broad white mark on either side next the base of the clypeus 
O. aridus Ball 
Frons nearly unicolorous, carine only paler............ see cece eeeees 135 
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135. Frons not greatly narrowed between the eyes; median tooth of the male 


136. 


137. 


138. 


139. 


140. 


141. 


143. 


pygofer nearly as long as the pygofer; clypeus usually paler than the 


EONS rena Lens eats Inyo osteettcnadan sts oratsienn sits sieye,lel a o)"eMM ener alee O. quinquelineatus Say 
Frons much narrowed between the eyes; median tooth of the male pygofer 
shorter than the pygofer 573..... AS Maen eumnnsttyt.lojupel'a tahoe beter eipiet ay tiated 6 136 
Sizegsmaller less. thai ip stiiieaw. ye «efseilv,al/ele svobanatavere' alle slieysilere hae fvoesl oh oierats 137 
Ret IBD GE. Fe UNNs BAIN, «ary Pieiera sole ote tatiana, acs hte Bed # dost = lord ciesln'e alclenaat bye « 138 
Genital styles of the male longer than the ventral sinus; anal segment 
MOQOUC LRG A D725 She ayal ic Hale eee ar arehere etarene eh oh he lobete: ouater% O. texanus Metcalf 
Genital styles of the male barely equalling the ventral sinus; anal segment 
MO GmNOOM LICE G57 Sicuts.cgsrevsre tera ane settee aeetale ays Wier ss aihek O. vittatus Metcalf 


General color blackish, polished; male plates very slender basally, the apices 
strongly recurved and ridged so as to appear coiled 574 O. vitreus Metcalf 
General color tawny; male plates broader basally, their apices broad and 
Luter dee Fah Mister ciel <USjoreye Malena sealers areperatal sto yait ie sl ere ence sie oaks O. vicarius Walker 
roms as broad (as: long’ om broader 279 <5 ac: s oven ave winnwin oh ar6) 01a (a -0rar atave 140 
EOUS A ON PEL bUANe DLOACMAS IS yet teice keke oy aychiv ayauel oncesbavalionetscavens re: Shayegehe:ebene 6 142 
Vertex short, transverse, about four times as broad as long 278 

Monorachis sordulentus Uhler 

Vertex elongate, about one and one-half times as broad as long 280 
Genus Microledrida Fowler 141 

MICROLEDRIDA 

Color light testaceous yellow; male genital styles not produced into a long 
_reflexed process at the apex 576.............. Microledrida flava Metealf 
Color fuscous; male genital styles produced into a long reflexed process at 
RE MEADE RNG Mee catatareie toa cece al heels eratieuahs (tra "alae, tus" aieyereeteyeneyers M. asperata Fowler 
Posterior margin of the pronotum broadly rounded; fore wings nearly 
WRLC AB Aisa odie 'o.n) 414618 mie ofa! dn, oie) see Ciocixius dorsivittatus Van Duzee 
Posterior margin of the pronotum deeply notched; fore wings not vertical 
AO Asstbereie eteeheet el nboisaeteeaeter: ete onehe Ceytrerer= cats! a Genus Civius Latreille 143 


CIXIUS 
Wings with the basal half infuscated, apical half milky hyaline, more or 
less marked with fuscous; median tooth of male pygofer longer than its 
ase iOS! 11S moe Megha spre aaeeier kaa teins e Civius apicalis Metcalf 
Wings more or less marked with fuscous but not with basal and apical 
areas distinctly different in color; median tooth of male pygofer shorter 
rlecmathn Joe Mb yekihde, by y4e aee oc ere.) BOGE OCOD SOE OD A OGG dda0 ar 144 


. Vertex longer than basal width, veins impunctate 286........ C. cultus Ball 


Vertex shorter than basal width, veins punctate 289................. 145 


Prons and ¢elypeus black with pale carin@...... 05. occ cee cece ben's 146 
rons Garks. Cly pend vCistinCtly Alen « anieers a s1sc'«aelw evdlose eleva e ele /eeelete mie! 148 
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146. 


147. 


148. 


149. 


150. 


152. 


153. 


154. 


156. 
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Wings evidently white, basal band blackish; genital styles of the male 
strongly reflexed: apically +57 9\ 21a, « ale a la/aispuctaiw seve ear a ats ab C. stigmatus Say 
Wings more or less marked with fuscous; genital styles of the male broadly 
broadly rounded apically, broadly meeting in the median line 580... 147 


Vertex broadly triangular 288..............2.000 C. misellus Van Duzee 
Vertex shorter, transverse, rounded before 289.......... C. colepium Fitch 
Anal processes of the male very long; female with base of fore wings 


strongly intnseated S82, wstdass ee cree ieee emaaes ooe C. basalis Van Duzee 
Anal processes of the male short; base of the fore wings not infuscated 583 
C. pint Fitch 

Antenne inserted anteriorly to the eyes; eyes with an anterior sinus 294 
Genus Bothriocera Burmeister 150 


Antenne inserted below the eyes; eyes with a ventral sinus........... 155 
BOTHRIOCERA 

General color blackish fuscous, wings strongly marked with blackish fus- 

GCOUS. oa cas einilas a, cnafote iene foreloeveutiereya'e » -eubin fa, Risgneiignal cuphaie ak caesar eee 152 

General color ochraceous, wings marked with tawny................+- 151 


Fore wings with two indistinct transverse tawny bands, one at the apex of 
the clavus and one subapical, basal half of the wings unmarked 80 
Bothriocera undata Fabricius 
Fore wings rather heavily marked with tawny, basal half heavily marked 81 
B. drakei Metcalf 
Apical border of the wings hyaline 82. i500... .. teas sass eee 153 
Apical borders of the wings fuscous' 84... 2.2.5.6 e++ sn cuke sn eee 
With a row of distinct fuscous points in the cells near the apex 82 
B. tinealis Burmeister 
Without a row of distinct fuscous points in the cells near the apex 83 
B. westwoodi Stal 
Vertex paler than the mesonotum; hyaline spots on the fore wings irregular 


AM, OOtMMO BS. 61 oy a5 ae winless ees Nae eee ee eS B. bicornis Fabricius 
Vertex not paler than the mesonotum; hyaline spots on the fore wings 
father repular"sn: outline, s..Jivnaeteke sekte cane copie B. signoreti Stal 
Vertex narrow, trough-like; lateral carine well elevated 297.......... 156 


Vertex broader, lateral carine not strongly elevated 304 

Genus Myndus Stal 162 
Vertex narrowed anteriorly 295................ Oeclidius nanus Van Duzee 
Vertex narrowed posteriorly 300.................. Genus Oecleus Stal 157 


OECLEUS 
Male pygofer with the median tooth finger-like or tongue-like 588...... 158 
Male pygofer with the median tooth quadrate or triangular 592, 160 
Vertex not strongly produced in front of the eyes 299............44- 159 
Vertex strongly produced in front of the eyes; lateral margins sinuate 297 
Oecleus decens Stal 


—-- = 
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159. 


160. 


161. 


170. 


iy Ale 


Laterial margins of the vertex nearly touching posteriorly, strongly wid- 
ened anteriorly; anal segment of the male strongly produced and de- 


flexed beyond the pygofer 588... 0... ee ee O. vroductus Metealf 
Lateral margins of the vertex nearly parallel; anal segment of the male 
NO’ PS uLON Aly, PLOGUCEO SISO ssc aelcis! ate aciailayerecle takes « O. fulvidorsum Ball 
Vertex strongly produced; lateral margins sinuate; median tooth of male 
PyYLOLer Opbuse apically? S9Qkers sey. cede eis ter etelaieo) oleic. .feeha re O. lineatus Ball 
Vertex not strongly produced; lateral margins not sinuate; median tooth 
oLemABUenpycoten acute apically e592)... cyano s isia teleystehaser shel cielo eid sicte ae ah 161 


Median tooth of male pygofer triangular, genital styles barely longer than 
the tooth; vertex rather broad anteriorly 301, 591........ O. obtusus Ball 
Median tooth quadrate at the base, apical portion triangular acute, genital 

styles longer than the tooth; vertex narrower anteriorly 302, 592 
O. borealis Van Duzee 


MYNDUS 

POTS Eyer: DAM GM WIEN): DEC eee oo o.cleys, £5 sid leiaichaa tuk 0,0, 0, 5yo(ninioi ny a(S ose 169 
rons: NGtetwacey panded: witht blacks s7.cer.r eiele aia cie atels, 4.02 s'sjn%s np eyiciais Boys 163 
Color uniform ochraceous orange, eyes darker...... Myndus fulvus Osborn 
Color. nob WNHIEOTMN GENTACEOUS GTANGE. 635... fos iy shen e oo « «ares ncsin ahs eae 164 
Head and thorax black; fore wings black with pale costal margin and dorsal 
BirAe ene Ens iar ote aFie ints, d cists alee, Raat rial bd wien na wes Sees M. slossoni Ball 

SET eela che Ch fs EMO eA ANNE AIL ERAT Ns J op 280 cea bn a ngmhes Pls Toh avai. whabel dh oes aneinlac deine 165 

. #rons-oiarked with fuscous’ bands OF SPOts. .<. 0% get a. ence dcins es ene ts 166 
rey, CUMMCUL Tie OL BOREL YAO che ako aN soa ANS Sle ele nite Dae die aes wie 167 


Frons with a pair of black spots between the carine at the base, larger, 5 mm. 
M. radicis Osborn 

Frons with a lunate fuscous mark at the apex; smaller, 4 mm. 
M. lunatus Van Duzee 


Costal border of fore wings broadly whitish........ M. enotatus Van Duzee 
Costal border of fore wings concolorous.............0.0-02eeeececes 168 
Vertex narrow, elongate; color greenish 309............... M. viridis Ball 
Vertex broad; color dull pale tawny 310............ M. pusillus Van Duzee 
Fore wings vittate with brown apically; genital styles of the male broad- 

enediapicallliv 500 eta e ccaters! oisc)ioi sa.soticliensidayiote] seouelsS es ove pS M. pictifrons Stal 
Fore wings not vittate with brown apically; genital styles of the male not 

linieyekeaven! se vorchillhe Reve eee ges e aon Gunn aU De OOOne Ube cide oot ol 170 
Genital styles obliquely truncate apically, the inner angles strongly produced 

CAVO Ss iepiny soph afk Sao a dah sacanr ered) Al cde oiin, Sra og agdus 5,8 depaine See al, '@ M. truncatus Metcalf 
Genital styles reflexed apically, the inner angle not produced 601....... ily(at 
Sides of the vertex converging to the apex; veins of the fore wings brown, 

HOin CONGOLOTOUS SL Siw strona chests sxe kets eee A oa speye/ 5. Ors: skh oh s M. sordidipennis Stal 
Sides of the vertex parallel in front of the eyes; veins of the fore wings 


POU OD 20 A ate G cacao Pace ROC CULE: EEO aualene M. delicatus Van Duzee 
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SUBFAMILY DERBIN& 
172: ‘Clays Open: 519... <<< 55 aac impteate y's panies wn Om etek a knee 173 
Claviis’ Closed. S22). ava vse cpatesleieteiensicisuna sree: + celeneceveue Vey ciel ana tha eet ha 192 
173. Antenne with appendages 478................ Genus Otiocerus Kirby 174 
Antenne without appendages 479. ........cseeeeecerceeweresscesens 184 
OTIOCERUS 

174. Wings with conspicuous round dusky spots in the cells 27............ 175 
Wings without conspicuous round dusky spots in the cells 33........ 181 

175. General ‘color of ‘the ‘wines cht’ 34-0... cs ace ee ans = oe ee 176 
General color of the wings dark rose 27.......... Otiocerus degeerii Kirby 

176. Wings with a conspicuous dusky band 35............2e-sseeeeeeeee 177 
Wings without a band 34........2:2ccessnereceecceces O. abbotii Kirby 

177. Apical margin of the fore wings with a row of black spots alternating 
WVAEHstHGTVEMNS Gols. whercsiatetale: sie vatetaveucts<lietaleie iteye etn te tesetel epee atta sae 178 

Black spots not placed in a margimal row...........--e sees eee eeees 179 

178. Apex of the cephalic process with a black line laterally..... O. wolfii Kirby 


179. 


180. 


181. 


182. 


183. 


184. 


Apex of the cephalic process without a black line laterally. .O. amyotii Fitch 


Fore wings with a large black spot on the sutural margin and four smaller 
ODES Aa AO UAE eye lense teeter ihe e reals aiexer aint taht tetas O. signoretii Fitch 
Fore wings without a large black spot and four smaller ones in a square 180 


Band Ou enw es LOR Cl ei.y. cle, ineciatelciers seleleks tetanic teuniets O. reaumurii Kirby 
Band on the wings narrow, interrupted............... O. francilloni Kirby 
General color "of tthe wines sdarks 3c spt rraens bales oiel okies O. stollii Kirby 
General color of the wings light 28.0.6. owns sect cn vinnm sits oneme 182 
Wings with a conspicuous band 28.......00.ccecvseneentenesuse van 183 
Wings without a conspicuous band 36............. O. schellenbergii Kirby 
Head with a lateral sanguineous stripe; band on the wings sanguineous 


O. coquebertii Kirby 

Head without a lateral sanguineous stripe; band on the wings dusky 
O. kirbyit Fiteh 
Vertex nearly an equilateral triangle; apical veins of the wing strongly 


FOCUPVOR B54. edi he Sack aaiew eae k saa a see eae Euklastus harti Metealf 
Vertex longer than broad; apical veins of the fore wings not strongly re- 
CULVEd' S42... aietein acc rsivce bin eS Grayelotaraie ts\ean ewiare: eal ele Ge tel sts tie aeeee 185 


185. Costa narrow; fore wings with several transverse costal veinlets, not crowded 


186. 


together to give the appearance of a stigma 87...Genus Anotia Kirby 187 
Costa distinctly broader; costal veinlets crowded together to give the ap- 
pearance of a stigma 25.............. Genus Amalopota Van Duzee 186 


AMALOPOTA 
Fore wings milky white, longitudinally banded with fuscous 25 
: Amalopota fitchi Van Duzee 
Fore wings pale yellowish with basal and apical thirds transversely banded 
With LUSCOUS 24 es vinidy v's-ais nue pain e/MWinie viv wib ley sel Poe A. ulleri Van Duzee 


————— 
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ANOTIA 
187. First three segments of the abdomen with a mid-dorsal black stripe 


188. 


189. 


190. 


en 


192. 


193. 


194, 


195. 


196. 


USM fe 


198. 


Rey 


Anotia burnetii Fitch 
First three segments of the abdomen without a mid-dorsal black stripe 188 


Apical border of the fore wings with round black spots in the cells 87 
‘A. bonnet Kirby 
Apical border of the fore wing without round black spots in the cells 88 189 


A few of the cross veins marked with fuscous, otherwise fore wings uni- 


HOLM Gam ALCL vl ekaptotte ys scciediyermeMed hen tel eae okeire Fey asia’ Syee's A. robertsoni_ Fitch 
Fore wings more or less marked with fuscous.................2000- 190 
Some of the veins of the wings dark in color 89..................4. 191 


All of the veins of the wings pale, bordered with smoky 88 
A. westwoodi Fitch 


Fore wings crossed by single smoky band about two-thirds the distance 
from the base; basal area of the wing white, apical area ochraceous yel- 
lowsncostal appendage: larger SO). ficn fetes +) s.0nele sce» chen simi = A. sayi Ball 

Fore wings variously marked with smoky; costal appendage small 90 

A. kirkaldyi Ball 


muoulder. keels absent Or very Sia SS Ms. cats «2 o!syeisis cise clea lala erviw dine fe 193 
Shoulders. keele.cwell/ developed iSG0 0s. 6 dsc oie ok sleeps Aediabalalav's es 194 
Antenne with second segment flattened, longer than the width of head 

across the compound eyes’ 356................0626- Patara vanduzei Ball 
Antenne with second segment globular, shorter than the width of head 

across the compound eyes 484........... Mysidia mississippiensis Dozier 
Subantennal process absent or very small...................0seeeeee 195 
Subantennal process well developed................ Genus Herpis Stal 197 


Medius and eubitus of the fore wings each with two branches, not con- 
nected by (cross Veins) 523:).. ./). Sele ene es cle Neocenchrea heidemanni Ball 

Medius and cubitus of the fore wings connected by cross veins 524 
Genus Phaciocephalus Kirkaldy 196 


PHACIOCEPHALUS 
Lateral carine of the vertex strongly elevated; general color ochraceous 
LER AER detect o Sue tolenore cas brats iO unrn eS CRMC S Phaciocephalus fulvus Van Duzee 


Lateral carine of the vertex not strongly elevated; colors paler 
P. uhleri Ball 
HERPIS 
RIGROM WAM OS GUSCOUS TOTO LACK ceva /-tse cues) obsolete) =)atels) eeueyel « reym ellexeToielel= 1 e1/= 198 
Fore wings grayish white with fuscous clouds in the cells 94 
Herpis maculata Van Duzee 


Genital styles of the male with an apical tooth 618...............+-. 199 
Genital styles of the male without an apical tooth 617 
H. edentula Van Duzee 


Inner margin of the genital styles straight 618.......... H. vulgaris Fitch 
Inner margins of the genital styles sinuate or notched 619............ 200 


166 


200. 


201. 


207. 


209. 


210. 


211. 


pA » 
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Apical tooth of the genital styles short, the inner margins of the genital 


styles deeply notched near the base 619............... H. incisa Metcalf 
Apical tooth of the genital styles long 620... .. 2.4.0 Wes noe peu 8 ae 201 
Apex of the genital styles obliquely truneate 620...... H. australis Metealf 
Apex of the genital styles broadly rounded 621............ H. obscura Ball 


SUBFAMILY DELPHACIN 


Oalear: foliaceous:..or) :tectiform .557..'....4 Geis esto eee ne se 219 
Calear not foliaceous or tectriorm 1540). o.-<.... cs sictesnan< cia eee 203 
Calear spiniform, without lateral teeth 542.......... Cee eae ey sic 208 


Calear cultrate, with a row of marginal teeth, antenne flattened 540 
Genus Stobera Stal 204 


STOB-ERA 
Sides of the frons not parallel 369............... Stobera pallida Osborn 
Sides: of the.frons nearly parallel: 37a: 5... sii «\eaieeh 2s ae's hive <lee eee 205 
Frons distinctly lighter in the middle, base and apex darker.......... 206 
Frons not paler in middle, with base and apex darker............... 207 
Head narrower than pronotum; anal process trilobed ventrally; genital 
styles with the inner angles strongly produced 623...... S. concinna Stal 
Head as broad as pronotum; anal process not trilobed ventrally; genital 
styles with the inner angles strongly refiexed 624...... S. tricarinata Say 


Vertex distinctly shorter than broad; frons nearly concolorous; larger, 


c:£00108| POM ROE aPC area nn ch nicl Sia ee Ga sity caper Cs S. affinis Van Duzee 
Frons light below, dark above; vertex quadrate; smaller, 3 mm. 372 


S. minuta Osborn 
Antenne foliaceous, half as long as the body; scutellum tricarinate; frons 


with a single median carina 96.............. Copicerus irroratus Swartz 
Antenne not foliaceous, short; scutellum quinquecarinate; frons with two 
median carine 19....... apelin ete Genus Pentagrumma Van Duzee 209 
Size small; genital styles of the male short, slender, enclosing a nearly 
giretlar: g¥'ea) 627 5. «21 nee eine re Pentagramma minore Crawford 
Size large; genital styles of the male elongate, robust, enclosing an elongate 
Oval area i\G285". tis teres, .secle ne cere ere aera antes Ieee P. vittatifrons Uhler 


First segment of antenne flattened; head broader than the pronotum 380 

Bostera nasuta Ball 

First segment of ‘antenrme not flattened. 725 i. s6-. 6 > ose vee ee 211 
Frons nearly circular in outline; antenne and calear very short 383 

Bakerella maculata Crawford 

Prons not cirenlat’ im) outline S855 0.00. sale e cea cee ms ene ane 212 

Frons, pronotum and abdomen with prominent pits 
Genus Laccocera Van Duzee 213 
Frons, pronotum and abdomen without prominent pits............... 214 
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213. 


214. 


219. 


220. 


221. 


222. 


223. 


224, 


LACCOCERA 
Vertex broader than long; colors black and buffy 384 
Laccocera vittipennis Van Duzee 
Vertex nearly square, colors bright yellow, orange and black 386 
L. zonata Van Duzee 
Anterior and middle femora foliaceous 546 
Genus Phyllodinus Van Duzee 215 


Anterior and middle femora not foliaceous...................+-05. 219 
PHYLLODINUS 

Head as broad as pronotum; brachypterous wings with veins white, apical 

maroim concolorous LOZ/s.\.,.. sai. se). a Phyllodinus nervatus Van Duzee 
Head narrower than pronotum; brachypterous wings with veins concolorous, 

PAC Ale NT ON eve tS a UOSisiahere eke oieier oral ele. snsieh cokers wher age dele) the = soe cue; 5s ne 216 
PETS Wi LEAMAVORRS: White DanmGs) 5.5. sais § ws sade ape wollte ws Sie wins os 217 
EU OVS HULITCOLOLOUS. ciel eyes che. aio saucy, eaele Aa orckeed aie eye nee P. nitens Van Duzee 
Mesonotum white ab aviaire Glad si'al sah wo ad they citsttalte elvauek a: shia, Moved ovale alte isha oh ey exes, shanerave lee 218 
NPCHOTOGIIEL, HACKS ciiberothee bia Slee clove! a Civ a ein Mane obs gst seh a ale P. piceus Spooner 


Frons with indistinct carina between median and lateral carine 
P. fuscous Osborn 
Prous) without imbtermediate carimay. >... ..+..262 sess. P. flabellatus Ball 
Aros Withiy TWO ,INEMIAN \GAtiNes SO2s a. bx oii =. S0\wielpinl e's 6. «2 aisls's) oleh a tye 220 
Frons with one median carina, sometimes forked below the apex of the 
PIRES Maes Macy he aN Sue aie a fas ah hod ort ots are Get edN cad cap Gs. 4 Goss atehar ote MuskaNees Bea nie 221 
Lateral carine of the pronotum reaching the hind margin; head narrower 
than the mesonotum 389.............. Macrotomella carinata Van Duzee | 
Lateral carine short, divergent, not reaching more than half way to the 
hind margin of the pronotum; head as broad as the mesonotum 391 
Criomorphus conspicuus Metealf 
Median carina of the frons running to the posterior margin of the vertex 
without oblique carine to the lateral margins 393 
; Liburniella ornata Stal 
Median carina of the frons forked on or below the apex of head, each 
branch of the fork running obliquely to the lateral margins of the vertex 


BTS ie ale pewoie efor ss gaa tes Aid sale) obi ahi ¢ eyes stg worn b/d au, aia Kio hia ai dis a ahela ae Ay 222 
Lateral carine of the pronotum straight or convergingly curved, usually 
reaching the hind margin of the pronotum 398..............+s0e0: 223 
Lateral carine of the pronotum divergingly curved, not reaching the hind 
WAIT UNA See arereteyascierepsy Sioeleauclat avo Ais tausreh one © ote, ats Genus Liburnia Stal 265 
Frons narrow, sides nearly parallel; head narrower, produced 400...... 224 


Frons broader, sides not parallel; head broader sometimes produced 416 229 


Vertex inflated in front of the eyes and then narrowed to the apex 395 
Saccharosydne saccharivorus Westwood 
Vertex regularly narrowed to the apex 399...Genus Stenocranus Fieber 225 


230. 


bo 
wo) 
bo 
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STENOCRANUS 
Second antennal segment four times as long as the first; female pygofers 
Gylimdrigall A947 ls waht: ass coe oe aeet= 2 Stenocranus similis Crawford 
Second antennal segment not over three times as long as the first 495 226 


General color bright ochraceous orange, not darker in the lateral compart- 


ments, of “the TRORSss.... 4. Seas acess ote eee S. arundineus Metealf 
General color darker, sometimes distinctly darker in the lateral compart- 
ments, OF the, LONG ys. she die ts hehehe’ wdloneds eee es eee 227 
Frons light brown in the lateral compartments......... S. felti Van Duzee 
Frons black in, the lateral ‘compartments. ...... 0... .os 005s -ceeee 228 


Genital styles broad and contiguous at the base; anal process short, not 
reaching the ventral margin of the genital aperture 642 

S. vittatus Stal 

Genital styles slender, not contiguous at the base; anal processes long, 

reaching the ventral margin of the genital aperture 643 S. dorsalis Fitch 


Median carina of the frons forked below the apex of*the vertex, head not 


much narrowed Between the eyes 437... .. -y:. «..c<0 «lee ees oe 251 
Median carina of the frons forked on the apex of the vertex or obscure 
gfe re ESN. aia LOR MAP ICICI RO Omak Soma RTE ol pk tia ioers Sen 230 
When viewed laterally the apex of the head is acute with a faint transverse 
CAMMNACAZO ea ne eee nie Rien ne ere eR ee Genus Megamelanus Ball 246 
When viewed laterally the apex of the head is rounded, without transverse 
CALIDA 422 SAS ORE TL het ee ater ee aa Soe etoelne oer eee ae 231 


Frons widest above the middle, not or scarcely narrowed between the eyes; 
vertex scarcely produced in front of the eyes 421 

Genus Kelisia Fieber 244 
Frons widest below, narrowed between the eyes; vertex well produced in 
frou othe eyes 4i65 5). 2 eo. At Patoue os eon 232 
Head nearly as wide as the pronotum; face oval in outline; slender species 
Ie sect iaha”. ao aicvast oe ds Me Bea SILO oe teens Genus Prokelisia Osborn 243 

Head narrower, tapering anteriorly; face not oval, robust species 405 
Genus Megamelus Fieber 233 

MEGAMELUS 


Genital “plates Mat 46. oo wcccc.. sean eet cegs oe sae ee eee 234 
Genital plates: robust, “ot flat 6a5. ice <5 Soe ala ae ee 241 
Anal processes "wanting 646.'.-. sid i ccs es cng eu taite eauty Pee 235 
Anal ‘processes present. Gia oo. ovr s bs. <  5.0's-a.5 x Bah oan ee ee 239 
Pygofer of the male: strongly inflated 646.......... 1... ss wkiaeereeee 236 
Pygoter ot thetmale not inflated(G490. ..<.2), - oa siety oreie craters wens ele ee renee 237 
Genital styles shorter than the genital plates, calears very large, as long as 

the basal segment of the tarsus 645......Megamelus paletus Van Duzee 
Genital styles longer than the genital plates, calcars small, not as long as 

the basal segment of the tarsus 646................-/ M. inflatus Metealf 


a — 
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237. 


238. 


239. 


240. 


241. 


242. 


243. 


244, 


245. 


246. 


247, 


248. 


249. 


Genital hooks long, reaching the anal segment 647 M. longicornis Dozier’ 
GronihalMNOO KA Well OM GAO ere ao asic e ot este aisicleels clajeltlersiel s ole'cie.s/efe els 238 
With a pale median dorsal vitta, genital plates ligulate, obtuse 648 

M. notulus Germar 
Without a pale mid-dorsal vitta, genital plates broadly triangular, acute 


Te Oe Sco os Oe RA cuca CIC IEMERETE NG Cac CICLO ARORA Ee M. distinctus Metcalf 
Anat processes four, hook-like 650...............-.+24.. M. estus Metcalf 
ate ESUCR SEAM DW SLs fin eee ee esis Sa oe ole eed wa nipale die kiee Bele nee 240 
Genital hooks strongly refiexed, hook-like, genital styles obtuse at the apex, 

PO Sale SST Ls A eee be piocaid a WEive Ue Dereharichcad Dread M. uncus Metcalf 
Genital hooks elongate, straight, obtuse; genital styles with their apices 

Dente abel h ean OlEs! G52r emirate eetere ators cleleiete\s * ote © M. anticostus Metcalf 
Color dark, almost aurform™ black or picéous: 2-:: 0.02.5 2. eee cons 242 
Color light, marked with darker 7... ...2.2....-++-.-: M. angulatus Osborn 


Calear very large, as long as the first segment of the tarsus 

M. davisi Van Duzee 
Calear smaller, not as long as the first segment of the tarsus 

M. piceus Van Duzee 

PROKELISIA 
Frons very broad at the apex, three times as broad as at base 416 
Prokelisia marginata Van Duzee 

Frons about twice as broad as at base 419.............. P. setigera Osborn 


KELISIA 
Fore wings vittate with brown, sutural margins pale 109 
Kelisia axialis Van Duzee 
IROL ERs WANS HO ty VLE UAL@r cre! syeleys Gi aveus, «tu a/ersts) 5 -<{ahoist a2 etsy @lovelelleaja) syeiaie ol zie 245 
Vertex distinctly longer than broad, with a pale median vitta 423 
K. crocea Van Duzee 
Vertex barely as long as broad, without a pale median vitta 424 
K. parvula Ball 


MEGAMELANUS 
Vertex very long, its length beyond the eyes equal to or greater than the 
lone diameter of the eyes 425... 6... 6c ck cece tee eee ecnnenacs 247 


Vertex not as long before the eye as the long diameter of the eye 434 250 
Frons nearly parallel sided and much elongate 426 

Megamelanus terminalis Metcalf 
Frons broader below, somewhat narrowed between the eyes 430........ 248 


Fore wings with a distinct white stigmatal and anal spots 38 
M. lautus Metealt 


Fore wings without distinct stigmatal and anal spots.............+-- 249 


Wings pale, with fuscous spots apically 122............ M. elongatus Ball 
Wings uniform black 110........-.. esses eee cree cece M. dorsalis Metcalf 


170 


260. 
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Color pale green, with a pair of dark red stripes from the apex of the vertex 
to the apex of the abdomen.i.(.). 050.0 canwess ences M. rufivittatus Ball 
Color pale ochraceous yellow, eyes black..............- M. spartini Osborn 
Median carina of the frons forked near the middle, the two prongs of the 
fork widely separated; macropterous forms chiefly 111, 437 
Peregrinus maidis Ashmead 
Median carina of the frons forked above the middle, the two prongs but 
slightly separated; brachypterous forms chiefly 221 
Genus Pissonotus Van Duzee 252 
PISSONOTUS 
Ghypeus: blak pavecraie sais letstens Gas 0 ays. « Brtra food Maebetane le itiaes sca leiaioes = Reema 253 
Clypeus. yellow sii. 35 cece hore evewie-y uve orl obese oe tlke © eieRereante] oa sokaro aa eee nea 263 
Pale buffy in color, with distinct pustules on the seventh abdominal seg- 
FILET WLS cau avavare one eeateeetcteresereatene ater te Pissonotus quadripustulatus Van Duzee 
Color darker, without’ pustules 1G. |. ... 0. os,¢. 26> a.0sieewm sia ee 254 
With the apex of the brachypterous wings marked with paler, veins con- 
COlOKOUS, LIF, 9.3% Rorn!Xi6 4:2) 04's Wo kale sik ee eg Siete ede lee nl eats as 256 
With the apex of the brachypterous wings concolorous, veins pale 116 255 
Apex of the frons broadly white, frons marked with white bars 
P. aphidioides Van Duzee 
Apex of the frons not marked with white, white bars wanting 
P. brunneus Van Duzee 
Abdomen black, with a broad median vitta brown 117 
. P. dorsalis Van Duzee 


Abdomen withont’ broad vitta.. 0002 ss oa ws oe bie w en de oe 257 
Color almost uniform black, wings sometimes a little paler........... 258 
Color ‘ ochraceous” GAWHY..s.. pigs. av «du wveaeaniels'» oa» yatade aa 3 Oboe 261 
Apical markings of the wings in the form of a distinct band......... 259 


Apical markings of the wings in the form of spots or wanting 
P. ater Van Duzee 
Anterior and intermediate tibie black or nearly so 
P. marginatus Van Duzee 
Anterior and intermediate tibie not black..........0se.ess0e0ssnue 260 


Anal processes long, nearly reaching the ventral margin; genital plates 
tubular, surrounding the genital styles basally 673 

' P. pallipes Van Duzee 

Anal processes short, the dorsal angles of the pygofers strongly produced 
TL OE ee PRs a PE) eee sah ytd rec holon te ey, P. crawfordi Metealf 
Head concolorous or paler than the pronotum and elytra............- 262 
Head and pronotum black or nearly so, sharply contrasted with the paler 
mesonotum, wings and abdomen.........-....+--++:: P. guttatus Spooner 


or rch SS 
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262. 


263. 


264. 


265. 


266. 


267. 


268. 


269. 


270. 


271. 


272. 


273. 


274. 


Anal processes of the male long, reaching the ventral margin of the genital 


SOOO E UEC CNG ete erp aad lahore ittet etd ov ello’ ove © Soh Sigieela ia aera ele P. basalis Van Duzee 
Anal processes of the male short, not reaching the ventral margin of the 
PON aAle AVEKLUT GeO Ment eeMerse tasers (et ePele ls aks nis ard isto. oa P. delicatus Van Duzee 
PR aa ys PPO 7 ERIC SG EEE RAK oso) a oy! ee alae, wie ae SHES alld wets since « 264 
General color pale ochraceous tawny, eyes black......... P. fulvus Metcalf 
Sea NPS EVGA tebe Jy PV RET IEG 5 a Sr= ox'c, «ale eves cous ne ohm 3 e's yeas P. nigridorsum Metcalf 
Wings semitransparent, not black........:.......... P. speciosus Metcalf 
LIBURNIA 
Carine obscure on the apex of head; vertex broadly rounded in front, 
TO te LOU Ge 4a ley are state ter etie layel dS ocshsy ets, sista oveuavs' a70h5co! Siete &'s.e/eLeneyerels 266 
Carine distinct on the apex of head; vertex narrow, produced 455..... 273 
General color of head and thorax light yellow or brown............. 267 
General color of head and thorax dark brown or black.............. 272 
Paonia! seyles acute at phe: Apex \GBbw cocaine 0% i aio sis das wm ne wewsre 268 
rea eetl  SEylce (OTORG> ab APO WG cts 2 atte als slacets!ocs-« aches odin dietareiea Bi abate 270 
Anal tube without anal processes; frontal carine bordered with darker; 
genital styles claw-like 681............... Liburnia lutulenta Van Duzee 
Anal tube with one ventral process; frontal carine not paler than frons 
RR ee aiecasoa tain Severe ya va Cs Rae Waal ob site! 2c) Sasha, wis, = «se, pletaterbeieaee ego 269 
Genital styles lanceolate, broadly divergent; anal processes long, almost 
reaching the base of the styles 682.............. L. obscurella Boheman 


Genital styles notched internally near the apex; anal processes short 683 
L. analis Crawford 
Mesonotum pale between the lateral carine black laterally; genital styles 
broad, short, square at the apex roundly divergent 684 

L. campestris Van Duzee > 
Mie ONO Cm ROD iar ker ns HAGGEAM NG ce jackin s'aty sae we veie b's ow ta ala sth ole aes a bese 271 

Styles contiguous basally, the apices broadened but divergent 685 
L. rotundata Crawford 

Styles not contiguous basally, their apices mushroom shaped 686 

L. shermani Metealf 


Frons less than twice as long as broad, lateral margins rounded; styles 


NWOT ANCE OIAeL GBdiac.c mite ai dete aid cidlielee nds eecs Oe L. occlusa Van Duzee 
Frons twice as long as broad, lateral margins nearly parallel; styles long, 

FUGHIVIGTI ACT OG loners cals & wine wi dosha the le wiley due fast ales dvs te L. nigridorsum Crawford 
Gentile styles sACHhe maim aOR O89) 4 na s/cheres)efouctere 2 al ofV\o ofoyehs oy s10 acars eats ae 274 
Genital styles acute or bifurcate at apex 702............+2-eeeeeeee 286 
Carine of the frons pale not concolorous.............. heh Be RT Ler Fas 275 
Carine of the frons concolorofis or nearly SO........-... eee eee eee ee 282 
General color of head and thorax yellow to light brown.............. 276 


282. 


289. 


290, 


291. 
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Macropterous wings vittate with fuscous 112.............. L. slossoni Ball 
Macropterous wings not vittate with fuscous..........0.....ssceces 277 
Frons conspicuously narrowed between the eyes; styles broad, suddenly nar- 
TOWCUr abl LOT ap exaOo Onretreletratcetetetete= 10 acorstn eater ete L. foveata Van Duzee 
Prons not much* narrowedi.7 4/1. 500% ces steer | ee ota 278 


Genital styles of the male elongate, diverging from each other at an angle 
of about thirty degrees G91... 5 cies ea ee seem L. constricta Crawford 
venital styles of the male twisted at the apex, apices strongly divergent 692 
L. osborni Van Duzee 


Legs lineate with darker; genital styles long 693..................- 280 
Legs: not “ineate” wath: :darkeer: os)... 50s0 =). «oases peeier +) fol saint eee 281 
Styles slender, wings infuscated 693............... L. gillettei Van Duzee 
Styles broad, wings not infuscated, ciliate 694..... L. lineatipes Van Duzee 


Genital aperture large; styles horizontal, sinuate and flexed at the tip 695 

L. pellucida Fabricius 

Genital aperture small, nearly circular; styles smaller, divergent not hori- 

ZONtA! O96. 26. 2 Susktekete elotee ete ge eReTR Te The ne Tara eenetene L. consimilis Van Duzee 

General color of head and thorax brown or black; frons narrow, black 283 
General color of head and thorax yellow to light brown; wings black 

L. kilmani Van Duzee 


Styles widely diverging <G90A. 00 6c ey). 95.0 ett = 2s vale > oe ee 284 
Styles more or less curved, nearly parallel 698.......... L. waldeni Metealf 
Styles with basal angles produced 699............. L. basivitta Van Duzee 
Styles with basal angles mot produced. 22. 0. -1- 45+ sete rene es eee 285 
Styles not widely diverging, color black........... L. andromeda Van Duzee 
Styles widely diverging, color dull brown............ L. incerta Van Duzee 
Styles bifurcate or triturcate at thevapex 70225 2... - ys es pee 287 
Styles obtuse at the’ apex. 704) oi. c 5... ima ere tenia oreo ste wrmseleierele ele aaah tetera 290 
Dorsal angles of the male pygofer strongly produced 701............. 288 


Dorsal angles of the male pygofer not produced 700 
¥ L. magnistyla Crawford 


Macropterous wings vittate with fuscous; vertex, pro- and mesonotum with 


a broad: palesvitbastis’.. 2,5 serveukaci-s cperiehs seed ener L. albolineosa Fowler 
Macropterous wings not vittate with fuscous; vertex, pro- and mesonotum 
not vittate . with pales. sec 4)s ewe ale siaie's 00 sole ia nbn eine oO 289 


Styles terete, not much flattened apically, narrowly arched 702 
L. triloba Metealtf 
Styles flattened apically, broadly arched 703........... L. gerhardi Metealf 
Head and thorax yellow, brachypterous wings black, strongly contrasted 31 
291 
Head and thorax not strongly contrasted in color with the wings 114.... 292 
Styles together lyre-shaped, apices reflexed; frons black, carine pale 704 
L. alexanderi Metealf 
Styles obtuse at the apex, diverging 705........... L. fulvidorsum Metealf 
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Cuancobor CLoumyawitite) bb) light DROWN: :.)2 4.5 Doe a lcli dale See wie ce cae ob 8 293 
COLO Gan Kas O WM GOn Deke seseye AS che ngeelcy Geverdars wart eleizis Sisters bcs. 3 2 B0ere 298 
293. Calear very large, as long as the basal segments of the tarsus........ 294 
Calear normal, shorter than the basal segment of the tarsus.......... 295 


294. Genital styles gradually narrowed to near the apex then suddenly expanded, 
stamen-like; anal processes broad triangularly 706 

L. staminata Metealf 

Genital styles not stamen-like; nearly parallel margined to the apex; anal 


processes Jone; horn-like FOF. 2vad cs 6 .cceysscie ass we alae L. humilis Van Duzee 

295. Styles broadened at the apex, truncate; pronotum unusually long 708 296 
Styles not broadened at the apex; pronotum not unusually long 711.... 297 

296. Pygofer of the male elongate; genital aperture very broad, oval; genital 
styles strongly diverging 708.................0.- L. detecta Van Duzee 
Pygofers very short; genital aperture nearly circular; genital styles not 

Sir Oi by dryer ine GON. «hea x hs ete wlale 6 29s Gees Ge L. unda Metealf 


297. Styles ligulate, following the contour of the genital aperture 710 
L. tuckeri Van Duzee 
Styles broad, rounded at the apex; reaching the anal tube; genital aper- 
ture with the dorsal angles strongly produced 711 
L. lateralis Van Duzee 
298. Macropterous wings fuscous with a large stigmatal spot pale 114 
L. teape Fowler 
Macropterous wings not fuscous with a large stigmatal spot pale.... 299 
299. Antenne short, not reaching clypeal margin; styles broad and truncate 713 
L. vanduzeei Crawford 
Antenne reaching at least to the clypeal margin.................00. 300 
300. Male pygofer deeply notched dorsally and produced caudally around the 
MARC OTHER ED UA ce cide Pratt Seth's Cis el sees Heyes a Se L. laminalis Van Duzee 
Male pygofer not deeply notched dorsally and produced caudally 715 301 
301. Color black; pronotum white posteriorly; styles with a tooth on their inner 
TAANEREUHIS LS ot ey ate a cle, ui apale a ctv. Chee? gee a reba ol oad fe ue L. puella Van Duzee 
Colorabrowne™ PLOnOwMIM NOt WAGES <os 5 y- skcpai 01 cue ie eipre arc ote! oh e\ ops) e.8l eh) efel 302 
302. Styles broadly diverging, following the contour of the genital aperture 
L. dolera Spooner 
Styles concentric, slightly indented apically............ L. weedi Van Duzee 


Crepusia glauca n. sp. ° 
Figs. 43, 163, 164, 166 
This species may be recognized by the general ochraceous buff 


color which is strongly sprinkled with black. 


Head narrow. Vertex about three times as broad as long. Frons 
with the base narrow, apex somewhat broadened. Clypeus with the 
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central area flat, distinct indication of the clypeal grooves. Antennal 
collar conspicuous, second joint globular. Pronotum truncate an- 
teriorly ; median carine strongly elevated, transverse carine distinct. 
Fore wings semitransparent ; hind wings transparent. 


Cotor: General color ochraceous buff, marked with numerous 
black points which become confluent in various areas making irregular 
black blotches. Frons heavily marked; tibie thrice banded with 
blackish fuscous. Fore wings with the clavus irregularly marked 
with black; basal area of the corium more or less marked with black, 
numerous irregular blotches along the costal margin and an irregular 
vitta from the claval suture to apical angle; bases of hind wings 
ochraceous, rest of the wing transparent; veins blackish. Abdomen 
ochraceous orange dorsally, with the lateral field of each segment 
heavily marked with black; ventrally, the abdomen is pale ochraceous 
with the pleural pieces and a broad triangular blotch on the outer 
margin of each segment black. 


Length, apex of head to apex of abdomen 10.4 mm.; to tip of wing 
13.1 mm.; wing expanse 35.4 mm. 

Holotype ¢. Brownsville, Texas. 

Allotype @. Nogales, Arizona. 

Paratypes 1¢. Dragoon, Arizona. 104 Nogales, Arizona. 


Dictyophara recurva n. sp. 
Figs. 201, 202, 203, 561 


This species may be distinguished from Dictyophara microrhina 
Walker, to which it is closely related, by the more robust cephalic pro- 
cess which is parallel-sided and not tapering as in D. microrhina and 
the genital characters are different. 

Vertex more than three times as long as broad, nearly parallel 
sided and not much narrowed toward the apex; median earina ex- 
tending from base to apex; gene with a median carina from the eye, 
almost to the apex; frons rather broad; elypeal expansion very slight ; 
intermediate carine more widely separated than in D. microrhina; 
fore wings very finely reticulate; female pygofers much longer and 
more slender than in D. microrhina, not so deeply curved and not as 
much constricted at the base; ovipositors slightly exceeding the py- 
gofers with small teeth; subanal plate parallel-sided, reflexed border 
narrow ; male plates rather long, blunt at the tip, slightly exceeded by 
the anal plate. 


A i 
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Conor: Grass green; fore and middle tibie and apical sezment 
of the labium suffused with searlet red; tip of the labium and of the 
tarsal claws only, black. 

Length, apex of vertex to apex of abdomen 11.00-12.00 mm.; tip 
of wing 14.00-15.00 mm.; wing expanse 24-25 mm. 

Holotype ?. Southern Pines, North Carolina. A. H. Manee. 

Allotype ¢. Southern Pines, North Carolina. A. H. Manee. 


Scolops parvulus n. sp. 
Fig. 186 


This species may be recognized by its small size and by the stout 
gradually tapering cephalic process. 

Disk of the vertex broad, well rounded, being much broader than 
in any other species known to me; cephalic process broad, stout, inter- 
mediate in shape between the processes of sulcipes and-grossus; gen- 
eral form broad and oval, wing veins sharp and distinct. 

CoLtor: General color fuscous, with the eyes, lateral areas of the 
pronotum, tips of the wings, the tibiw and the tarsi blackish. 

Length, eyes to tip of the abdomen 3.50 mm.; cephalic process 
2.40 mm. 

Holotype ¢. Southern Pines, N. C., June 14, 1918. A. H. 
Manee. 

Paratype @. Southern Pines, N. C., June 14, 1918. A. H. 
Manee. , 


Epiptera brittoni n. sp. 
Fig. 263 

This species may be recognized by its dark brown color, narrow 
produced vertex which is transversely rounded before. 

Vertex elongate, narrow, the lateral margins a little arched and 
the anterior margin broadly transversely rounded; frons narrow, the 
lateral margins strongly elevated; clypeus strongly carinate; pro- 
notum obtusely produced between the eyes; mesonotal carine nearly 
obsolete. 

Cotor: General color dark brown somewhat intermediate be- 
tween the black species like opaca and the brown species like varie- 
gata; vertex, pro- and mesonotum irregularly marked with ochraceous 
tawny; base of the frons black; apex pale ochraceous buff; clypeus 
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black, the lighter band continued indefinitely across the gene, the 
narrow ventral margin of the breast plates, pro- and mesopleura; the 
breast plates deep dorsally; legs and abdomen dark brown, the seg- 
ments of the latter narrowly bordered with paler. 

Length, apex of head to apex of abdomen 6.50-7.00 mm.; tips of 
wings 8.00-9.00 mm. 

Holotype ¢. Black Mountain, N. C., Sept. 12, 1912. 

Allotype 2. West Point, N. Y., Sept. 15,1912. In the collection 
of W. T. Davis. 

Paratypes 16. Portland, Conn., Aug. 15, 1913. B. H. Walden. 

I take pleasure in dedicating this pretty little species to Dr. W. E. 
Britton, State Entomologist of Connecticut, who has sent me many 
interesting Fulgorida. 


Catonia carolina n. sp. 

This species may be recognized by its rather large size, dark color 
with the frons unbanded but marked with two short ivory white 
transverse bars. 

Vertex produced, obtusely angulate anteriorly ; the median earina 
faint, the lateral margins strongly elevated; the frons narrow be- 


tween the eyes; lateral margins nearly straight to near the apex . 


where they are slightly narrowed to the broad clypeus; pronotum 
short, carine well elevated; mesonotal carinz distinet; veins of the 
fore wings strongly punctate. 

CoLtor: General color blackish fuscous; the carine of the vertex, 
pro- and mesonotum paler; frons brownish fuscous, laterally alternate 
with black and white spots; a short transverse bar at the middle and 
another at the apex ivory white; ocellated spots on the mesonotum 
reduced to small pale spots; wings blackish fuscous, more or less 
variegated with whitish; veins in the wings irregular; longitudinal 
and cross veins at the apex narrowly white; venter and legs brownish 
fuscous; abdomen mostly blackish fuscous. 

Length, apex of head to apex of abdomen 4.60 mm.; to the apex 
of the wings 5.90 mm. 

Holotype. Swannanoa, N. C., Aug. 8, 1919. H. Osborn and 
Z. P. Metcalf. 

Allotype ¢. Vienna, Va., Aug. 1918. 

Paratypes 42. Plummer’s Island, Maryland. O. Heidemann. 
In the collection of Cornell University. 14 Vienna, Va., Aug. 1918. 


~ 
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Catonia luella n. sp. 


This species may be recognized by its small size, blackish color, 
veins of the wings impunctate, the cells with numerous small round 
pale spots. 

Vertex narrow, rounded before, the carine strongly elevated; 
frons broad, not distinctly narrowed between the eyes; clypeus broad, 
shallowly inserted in the frons; pronotum rather elongate, the carinze 
strongly elevated, the links of the lateral chain distinct; mesonotum 
tricarinate ; the lateral carine but slightly divergent; fore wings with 
the veins impunctate. 

Cotor: General color blackish fuscous; frons nearly unicolorous; 
the lateral carine a little paler; eyes black; mesonotum blackish fus- 
cous, with two indistinct ocellated spots on the anterior margin, two 
on the posterior margin; fore wings blackish fuscous, the veins black- 
ish, some of the cross veins at the apex narrowly pale; all of the cells 
with numerous pale round spots; venter and legs blackish, the latter 
more or less marked with pale. 

Length, apex of head to apex of abdomen 3.00 mm.; to the apex 
of the wings 3.70 mm. 

Holotype ¢. Upper Natacumbe Key, Florida. March. In the 
collection of the Museum of Comparative Zoology. 

Allotype ¢. Paradise Key, Florida. 

Paratypes1¢,49. Paradise Key, Florida. February. 


Catonia pini n. sp. 


This species may be recognized by its large size, uniform meso- 
notum, strongly variegated wings, the frons brownish with a narrow 
pale transverse band. 

Vertex produced, obtusely rounded anteriorly; frons narrow at 
the base, widened apically, the lateral margins a little arcuate; 
median carina faint, lateral margins strongly elevated ; wings strongly 
punctate. 

Cotor: General color pale, more or less variegated with brownish 
and blackish fuscous; vertex, pro- and mesonotum uniformly ochra- 
ceous brown; frons ochraceous brown, the lateral margins alternate 
with black and ivory white, the narrow transverse band ivory white, 
basal third of the elypeus ivory white, the apex brownish; wings 
largely pale ochraceous yellow, irregularly variegated with brownish 
and blackish fuscous; venter and legs mostly ochraceous brown. 
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Length, apex of head to apex of abdomen 4.70 mm.; to the tips of 
wings 6.20 mm. 

Holotype ¢. Southern Pines, N. C., August 10, 1917. A. H. 
Manee. he 

Allotype @. Southern Pines, N. C., late’ August, 1917. A. H. 
Manee. 

Paratypes 2¢6 ¢. Southern Pines, N. C., June, 1909. Z. P. 
Metealf. 


Catonia lunata n. sp. 


This species may be recognized by its small size, blackish color and 
broad strongly produced vertex with the frons brown with a broad 
transverse pale band in the middle and a shorter pale bar at the apex. 

Vertex strongly produced but little narrowed anteriorly; frons 
broad, not much narrowed at the base or at the apex; wings strongly 
punctate. 

Coton: General color blackish; vertex pale yellow, with two 
elongate dashes next the inner margins of the eyes and two near the 
median carina anteriorly; frons brown, the lateral margins alternate 
with black and ivory white, the transverse band broad ivory white, a 
small ivory white bar along the clypeal margin; clypeus mostly pale; 
pronotum with the carine broadly pale, leaving small blackish spots 
in the compartments; mesonotum blackish, with the carine pale and 
a few small tawny spots; fore wings blackish fuscous variegated with 
ivory white; venter largely tawny yellow, legs brownish fuscous; ab- 
domen blackish. 

Length, apex of head to apex of vertex 4.00 mm.; to the apex of 
the wings 4.30 mm. 


Holotype @. Swannanoa, N. C., August 29, 1919. H. Osborn 
and Z. P. Metealf. 

Allotype ¢. Paradise Keys, Florida. 

Paratypes 12. Paradise Keys, Florida. February. In the col- 
lection of the Museum of Comparative Zoology. 12, Tyngsboro, 
Mass. 129, Bay Shore, Long Island. In the collection of Mr. C. E. 
Olsen. 
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Bothriocera drakei n. sp. 
Figs. 81, 585 


This species may be recognized by its pale yellowish testaceous 
color with the fore wings heavily and irregularly spotted with fus- 
cous, the apex of the wings being strongly infuscated. 

Vertex strongly produced; lateral margins of the frons strongly 
produced; eclypeus very long. Pronotum not deeply notched pos 
teriorly. Mesonotum tricarinate. Male pygofer narrow, ventral 
tooth rather long, genital styles short, narrow at the base, broad and 
rounded at the apex. 


Cotor: General color pale yellowish testaceous; the mesonotum 
brownish fuscous; fore wings pale whitish testaceous, heavily marked 
with fuscous, two small fuscous spots at the base, a fuscous band an- 
terior to the stigma, narrowly separated from the stigmatal band; 
apical portion of the wings crossed by two irregular bands beyond 
the stigma, the apical border of the wing broadly infuscated; legs 
testaceous yellow, except the tips of the tarsi which are black; ab- 
domen ochraceous orange; pygofer of the male testaceous yellow. 

Length, apex of head to apex of abdomen 2.45 mm.; to the tips 
of the wings 4.00 mm. 


Holotype ¢. Gainesville, Florida. July 4, 1918. C. J. Drake. 

Allotype @. Gainesville, Florida. July 7, 1918. C. J. Drake. 

This species may be merely a darker color variety of Bothriocera 
undata Fabricius but the male genitalia seem to be quite distinct and 
as stated before it would require a much larger collection of these in- 
sects to be sure of their specific distinctions. 


Oliarus montanus n. sp. 
Figs. 269, 566 


This species may be recognized by its broad vertex, finely punctate 
wing veins and distinct male genitalia. 

Vertex broad, narrowed anteriorly, Geeply notched posteriorly ; 
frons longer than broad; the clypeus shorter than the frons, much 
more deeply inserted. Pronotum rather long, the posterior margin 
triangularly emarginate, the sides nearly straight. Mesonotum with 
five carine distinct, the intermediate carine broadly arched. Male 
pygofer short, broad, the ventral sinus broad, median tooth broadly 
expanded apically, the apical border but little reflexed, genital styles 
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slender, broadly curved, the apical portion but little widened: the 
inner margins short, not contiguous, the outer angles but little pro- 
duced; the anal segment hood-like, rounded on the apex, which is 
strongly deflexed, almost touching the apex of the median tooth. 


Coton: General color blackish fuscous, the wings strongly infus- 
cated, veins darker, finely punctate; frons blackish fuscous, the carine 
but little paler; clypeus rufo-fuscous; carine distinetly paler; venter 
and femora fuscous, with tibia testaceous brown, with fuscous rings; 
abdomen black, the segments narrowly bordered with pale yellow, 
male genital pieces brown. 

Length, apex of head to apex of abdomen 5.00 mm.; to the tip of 
the wings 7.20 mm. 

Holotype ¢. Black Mountains, N. C. 

Allotype @. Herndon, Virginia. 

Paratype 1¢6. Craggy Mountains, N. C., and 1é¢, Makanda, 


Oliarus vitreus n. sp. 
Fig. 574 


This species may be recognized by its large size, glossy blackish 
color and distinct male genitalia. 

Vertex narrow, triangularly narrowed anteriorly; frons narrow 
between the eyes, broader below; pronotum deeply notched pos- 
teriorly ; mesonotum with five distinct carine; fore wings uniformly 
punctate; male pygofer with a long median tooth, genital styles 
slender with a distinct elevated ridge, their apices much reflexed 
appearing coiled. 

CoLtor: General color dark, glossy; head, thorax and abdomen 
black, elypeus not distinctly paler than the frons; legs uniform dark 
tawny ; fore wings glossy much infuseated and marked with blackish, 
there is usually a broad distinet transverse band from the middle of 
the costal margin diagonally across the wings to near the apex of the 
clavus, this band nearly paralleling the lateral borders of the 
mesonotum. 

Length, male, apex of head to apex of abdomen 6.00 mm. ; tips of 
wings 8.00 mm.; female, apex of head to apex of abdomen 7.00 mm. ; 
tips of wings 9.00 mm. 

Holotype ¢. Southern Pines, N. C. May 29, A. H. Manee. 

Allotype @. Southern Pines, N. C. May 29, A. H. Manee. 

Paratype 1?. Southern Pines, N. C. June 4, A. H. Manee. 


———————— <_< 
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Oliarus texanus n. sp. 


This species may be recognized by its small size, broad form, nar- 
row vertex which is deeply notched posteriorly and distinct male 
genitalia. 

Vertex narrow, triangular before, posterior border deeply emargi- 
nate; frons very narrow at the base, broad at the apex, the side mar- 
gins nearly straight; elypeus shorter than the frons. Mesonotum 
distinetly five carinae; pygofer of the male rather slender, the ventral 
tooth broad at the base, suddenly constricted apically; the genital 
styles broadly excavated at the base, nearly touching in the middle 
line apically, the apical portion reflexed and produced into an acute 
tooth laterally, the anal segment broad, hood like, almost enclosing 
the tips of the genital styles. 

Cotor: General color blackish fuscous; the eyes brown, vertex 
and disk of the mesonotum, the clypeus of the female brownish fus- 
cous; wings a little smoky with veins fuscous apically; all the veins 
strongly punctate; legs testaceous yellow, the coxe and femora 
blackish fuscous. 

Length, male, apex of head to apex of abdomen 2.60 mm.; to the 
tips of the wings 3.85 mm. Female, apex of head to apex of abdomen 
4.20 mm.; to the apex of the wings 4.90 mm. 

Holotype ¢. Brownsville, Texas. November 21, 1911. 

Allotype °. Brownsville, Texas. November 21, 1911. 

Paratypes. Brownsville, Texas. November 19, one ¢, December 
9, one ¢ and November 23, one °. 


Oliarus vittatus n. sp. 
Figs. 74, 276, 573 


This species may be recognized by its small size, narrow vertex 
with the genital styles of the male about as long as the ventral sinus. 

Vertex narrow, elongate, the sides nearly parallel; frons much 
narrowed between the eyes, about half as wide at the base as at the 
apex; mesonotum quinquecarinate; the intermediate carine rather 
faint; wings strongly and uniformly punctate; male pygofer with 
median tooth simple; triangular, the ventral sinus deep; the genital 
styles rather broad at the base, constricted near the apex, the inner 
and outer angles about equally produced. 
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Cotor: General color tawny; the eyes and the lateral margins of 
the mesonotum blackish; frons and venter largely fuscous; the legs 
pale yellow. The female that I associate with this species has the 
claval area of the wings fuscous and a broad vitta at the apex fuscous. 


Length, apex of head to apex of abdomen 3.50 mm.; to tips of 
the wings 5.80 mm. 


Holotype ¢. Brownsville, Texas. November 19, 1911. In the 
collection of the Illinois State Laboratory of Natural History. 
Allotype 2. Brownsville, Texas. December 8, 1911. 


Cixius apicalis n. sp. 
Figs. 78, 284, 285, 578 


This species may be recognized by the fact that the wings are 
broadly fuscous to near the apex of the clavus with the apex milky 
subhyaline, thickly spotted with fuscous and by the distinct genitalia. 

Vertex crescent-shaped transverse, broadly rounded before, not 
reaching the frons; frons longer than the eclypeus, strongly narrowed 
between the eyes; lateral carine of the mesonotum strongly diverg- 
ing; pygofer of the male short, ventral tooth elongate, acute, genital 
styles narrow at the base, widely separated, meeting apically, their 
apices broadly expanded and reflexed, reaching the anal segment; 
anal segment narrow, not produced. 

Cotor: General color of the body blackish fuscous; carine of the 
frons and posterior margin of the pronotum yellowish testaceous ; 
fore wings blackish fuscous on the basal half with clavus darker, al- 
most black on the costal margin, paler and brownish internally; the 
apical portion of the wings milky subhyaline, more or less spotted 
with fuscous; there are three distinct fuscous spots on the costal mar- 
gain; the middle one continued as an interrupted fuscous band to- 
wards the apex of the clavus, the longitudinal veins with some tri- 
angular fuscous spots on the apical margin; basilar angles narrowly 
pale yellow; legs testaceous yellow; the fore femora fuscous; ab- 
domen fuscous; the apex of the genitalia testaceous yellow. 

Length, apex of head to apex of abdomen 3.50 mm.; to tips of 
wings 5.25 mm. 

Holotype 4. New Haven, Conn. June 25,1921. B.H. Walden. 

Allotype @. Ithaca, N. Y. June 8, 1895. 
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I believe that this is the species that has been identified in the past 
as Cizius albocinctus Germar, the Paleartic species given as a variety 
of Cixius pilosus by Oshanin; but it seems to be distinct from speci- 
mens in my collection identified as Cizius albocinctus Germar and 
Cizius pilosus by Lethierry. 


Ciocixius New Genus. 


Orthotype Cizius dorsivittatus Van Duzee. 

This genus may be recognized by the broad vertex and by the 
nearly perpendicular wings which are broadened apically and strongly 
compressed. 

Head nearly as broad as the pronotum; vertex squarely produced 
for more than half its length in front of the eyes; lateral compart- 
ments of the gene evident dorsally; frons nearly vertical, median 
carina distinct, lateral margins strongly reflexed, regularly arcuate 
from base to apex; pronotum short, collar-like, the anterior and pos- 
terior margins nearly concentric; disk of the mesonotum tricarinate, 
strongly elevated, the lateral compartments nearly vertical; fore 
wings vertical, strongly broadened apically; subcosta and radius 
united at the base for a short distance only, cubitus forked at about 
the same level as the union of the claval veins; posterior tibia armed 
with two small spines, one on the basal half and the other near the 
middle. 


Microledrida flava n. sp. 
Figs. 76, 280, 281, 576 


This species may be recognized by its pale yellow eolor, practically 
unmarked wings and distinct male genitalia. 

Vertex broad, not produced for more than one-third of its length 
in front of the eyes; median carina strongly elevated throughout ; 
frons broad, not more than one and one-half times as broad as long; 
median carina distinct; pronotum not half as long as the vertex; 
mesonotum nearly twice as long as the vertex; median tooth of the 
male pygofer short and obtuse; genital styles not widely separated, 
their inner angles meeting on the median line; outer angles only 
slightly produced, obtuse. 

Cotor: General color pale testaceous yellow, eyes brown; clypeus 
shading to ochraceous orange; wings milky subhyaline; the punctures 
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testaceous yellow with an indistinct fuscous spot at the apex of sub- 
costa, otherwise wings are unmarked; legs pale ochraceous yellow, 
spines and claws tipped with black; abdomen pale ochraceous yellow. 


Length, apex of head to apex of abdomen 2.50 mm.; to the tips of 
the wings 3.25 mm. 

Holotype 14. Brownsville, Texas. November 21, 1911. In the 
collection of the Illinois State Laboratory Natural History. 


Oecleus productus n. sp. 
Figs. 298, 588 


This species may be recognized by its small size, general pale yel- 
low color with the anal segments of the male strongly produced. 

Vertex much narrowed posteriorly, lateral margins almost touch- 
ing, much produced in front of the eyes; frons rather broad at the 
apex, suddenly constricted at about the middle of the eyes; median 
carina distinct; pronotum short, the posterior border strongly re- 
flexed, rather deeply notched; mesonotum quinquecarinate; median 
tooth of the male pygofer short but tongue-like; genital styles rather 
short ; the anal segments strongly produced, narrowed apically. 


Cotor: General color pale ochraceous orange or ochraceous yel- 
low; frons and elypeus black between the carine; gene black, the 
eyes and antenne paler; vertex black and the carine paler; pronotum 
mostly pale but a little clouded with blackish; mesonotum ochraceous 
orange, somewhat clouded between the carine ; wings yellowish; veins 
on the base concolorous, fuscous at the apex; abdomen blackish, the 
segments narrowly bordered with yellow apically. 

Length, apex of head to apex of abdomen 2.50 mm.; to the apex 
of wings 4.20 mm. 

Holotype 6. Dongola, Illinois. August 23, 1916. 

Paratypes 24. Metropolis, Illinois. August 19 and 20, 1916. 
14, Phoenix, Ariz., June 8, 1902. 


Myndus truncatus n. sp. 
Figs. 312, 600 


This species may be recognized by its twice banded frons and 
truncate genital styles. 

Vertex long, narrow, the lateral margins converging to the middle 
of the eyes then nearly parallel to the front; frons very short and 
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broad below; pronotum short, deeply sinuate; mesonotum long, lateral 
earine strongly diverging; median tooth elongate, obtuse; genital 
styles long, meeting on the median line for about half their length, 
their apices slightly broadened, obliquely truneate. 

Conor: General color ochraceous yellow; apex of the vertex 
marked with blackish fuscous; frons and elypeus ochraceous buff, 
the former with a broad basal band and a narrow apical band of 
black; mesonotum ochraceous orange, the intermediate compartments 
clouded with blackish fuscous; wings milky subhyaline, the veins 
heavily brown, the apical margin narrowly fuscous. 

Length, apex of head to apex of abdomen 4.20 mm.; to the tips of 
the wings 5.25 mm. 


Holotype ¢. Elizabeth, Ill. July 6, 1917. In the collection 
Illinois State Laboratory of Natural History. 


Bruchomorpha vittata n. sp. 
Figs. 55, 220 


This species may be recognized by its elongate narrow front, short 
nearly truncate nasal process. 

Vertex rather broad, the lateral margins converging to the inter- 
mediate carine, the anterior margin nearly straight; frons rather 
elongate, narrow; the intermediate carine slightly arched, the nasal 
process short, but little produced, nearly truncate anteriorly. Pro- 
notum broadly rounded anteriorly, deeply almost triangularly emar- 
ginate posteriorly. Mesonotum ecarinate, the disk broadly arched, 
the scutellar portion flat, produced. Macropterous wings narrow, 
elongate. 

Coton: General color dull blackish fuscous; eyes grayish brown; 
median frontal stripe evident, extending to the posterior border of 
the pronotum. Mesonotum and abdomen paler, median stripe nar- 
rower. Macropterous wings smoky hyaline; legs pale yellowish testa- 
ceous; all the femora and fore tibiz washed with brownish fuscous. 

Length, macropterous form, apex of head to apex of abdomen 3 
mm.; apex of wings 4.20 mm. 

Holotype @. Brownsville, Texas. November 21, 1911. In the 
collection of the Illinois State Laboratory Natural History. 

- Paratypes 22 2. Brownsville, Texas. November 21, 1911. 
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Bruchomorpha rugosa n. sp. 
Figs. 56, 222 


This species may be recognized by its general pale testaceous color 
with the brachypterous wings strongly rugose, the nasal process nar- 
rowly produced. 

Vertex almost triangular, strongly produced anteriorly ; frons nar- 
row, elongate, the intermediate carina broadly arched. enclosing a 
nearly oval area, nasal process distinctly produced, not deeply sinuate 
ventrally. Pronotum elongate, broadly arched anteriorly, nearly 
straight posteriorly. Mesonotum rather short, tricarinate, the lateral 
carine converging with two impressed points on the posterior half of 
the disk; wings coarsely rugose; legs stout. 

Cotor: General color testaceous yellow, more or less marked with 
black; intermediate carine of the frons narrowly bordered by black 
internally ; lateral compartments of the frons black; the apex of the 
nasal process broadly black; gene chiefly black; abdomen with a series 
of six short dashes on each side of the segments; legs testaceous yel- 
low; heavily marked with black; fore and middle femora twice-ringed 
with black; all the tibie broadly black apically; tarsi blackish 
fuscous. 

Length, apex of head to apex of abdomen 3 mm. 


Holotype @. Brownsville, Texas, September. 

Paratype 12. Nogales, Arizona, September 24. 

This special somewhat suggests Aphelonema rugosa Ball but it is 
an evident Bruchomorpha with strongly produced front and short 
vertex. 


Bruchomorpha bicolor n. sp. 
Figs. 30, 224 


This species may be recognized by its shortly produced nasal pro- 
cess, elongate frons, general pale yellow color with two broad black 
stripes extending from the apex of the nasal process across the eyes 
to the apex of the abdomen. 

Vertex short, the anterior margin broad, nearly straight; frons 
elongate, the intermediate carina broadly arched basally then con- 
verging straight to the apex of the frons; nasal process elongate, 
bluntly triangular, the ventral margin not sinuate. Pronotum broadly 
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rounding anteriorly, broadly sinuate posteriorly, about half as long 
as the mesonotum; disk of the mesonotum broad, the lateral carine 
evident, the intermediate carina faint; male genital styles broad at 
the base, gradually narrowed apically, the apex produced, short tri- 
angular teeth directed anteriorly. 

Cotor: General color pale dull yellow, a broad blackish fuscous 
stripe on each side of the body extending from the apex of the nasal 
process across the compound eyes, the disk of the wings and then 
converging to the apex of the abdomen; meta-pleura black, a narrow 
black stripe on the lateral ventral margins of the abdomen, spines 
and claws of the legs black; genitalia black. 

Length of male, 2 mm.; of the female 3 mm. 


Holotype ¢. Brownsville, Texas, November 21, 1911. 
Allotype 2. Brownsville, Texas, November 21, 1911. 
Paratypes 52 2. Brownsville, Texas, November 21, 1911. 


Bruchomorpha minima n. sp. 


Fig. 213 


This species may be recognized by its uniform black color, small 
size and narrow frons. 

Vertex narrow, the anterior border broadly sinuate, median carina 
of the vertex strongly elevated; median carina of the frons strongly 
elevated, the intermediate carine strongly arched basally, gradually 
converging anteriorly; nasal process not produced, broadly rounded 
anteriorly ; anterior border of the pronotum broadly rounded, the pos- 
terior border narrowly and shallowly sinuate. Mesonotum but little 
longer than pronotum, none of the carine strongly elevated; wings 
coarsely rugose. 

Cotor: General color almost uniform shining black; the pos- 
terior tarsi a little rusty. 


Length, apex of head to apex of abdomen 1.90 mm. 
Holotype . Southern Pines, North Carolina. Late June, A. H. 


Manee. 
Paratypes 2¢ ¢. Southern Pines, N. C. Late June, A. H. Manee. 


This is the smallest species known to me. It is very close to B. 
tristis Stal but seems to be distinct. 
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Bruchomorpha decorata n. sp. 


Figs. 57, 223 


This species may be recognized by its very short nasal process, 
nearly vertical frons and strongly contrasted colors. 

Vertex short, strongly sinuate on the anterior margins, nasal pro- 
cess not produced, broadly rounded anteriorly; frons more nearly 
vertical than in any other species of the genus; frons broad about one 
and one-half times as long as broad; the intermediate carina broadly 
arched; pronotum produced anteriorly, posterior margin broadly 
sinuate with a distinct median notch. Mesonotum short and broad, 
about twice as long as the pronotum; tricarinate, the lateral carine 
strongly elevated; wing coarsely reticulate; male genitalia broad at 
the base, gradually narrowed to the acute apices, the inner margins 
nearly parallel, the apices a little curved anteriorly. 

CoLtor: General color ochraceous orange, heavily and irregularly 
marked with black; frons ochraceous orange, the lateral compart- 
ments irregularly marked with black; gene black. Pronotum ochra- 
ceous orange, with a row of heavy black spots anteriorly. Mesonotum 
varying from ochraceous orange with a few black spots to black with 
a few ochraceous orange spots; wings with the veins mostly pale, the 
cells irregularly clouded with fuscous or black; legs blackish fuscous 
or brownish fuscous; dorsal portion of the abdomen ochraceous buff 
or ochraceous orange varied with blackish; venter of the abdomen 
black. 

Length of the male 2.25 mm.; of the female 2.75 mm. 

Holotype ¢. Brownsville, Texas, November 21, 1911. 

Allotype @. Brownsville, Texas, November 21, 1911. 

Paratype 1?. Brownsville, Texas, November 21, 1911. 


Aphelonema rosa n. sp. 
Figs. 2, 226, 227 


This species may be recognized by its small size, narrow vertex, 
general reddish color and short obtuse genital styles of the male. 

Vertex short, about six times as broad as long; frons short and 
broad, the intermediate carine strongly arched, pustules inconspieu- 
ous; elypeus with an evident median carina. Pronotum with the an- 
terior margin strongly curved laterally, the posterior margin almost 
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straight, median carine evident, the disk without pustules. Meso- 
notum short, the disk broad; lateral compartments pustulate. Bra- 
chypterous wings truncate posteriorly, nearly reaching the third seg- 
ment; genital styles of the male broad, rather obtuse, the: inner mar- 
gins nearly contiguous for the entire length; the apices acute, directed 
anteriorly. 

Cotor: General color pale dull red, the legs, vertex, dorsal part 
of the frons, the pro- and mesonotum salmon orange; eyes black. 

Length, apex of head to apex of abdomen 2.25 mm. 

Holotype 1é. Cape Charles, Virginia, September 1, 1920. D. M. 
DeLong. 

Paratype 34. Cape Charles, Virginia, September 1, 1920. D. M. 
DeLong. 

Paratype 1¢. Pascagoula, Miss., August 6, 1921. H. L. D. 


Traxus New Genus. 


_ Orthotype Traxus fulvus nu. sp. 


This genus is close to Hysteropterum Amyot and Serville but it 
may be recognized by its general rugose appearance, triangularly in- 
cised vertex, narrowly parallel-sided concave frons. 

Vertex short, about four times as broad as its median length; an- 
terior margin deeply incised, the lateral margins nearly one and one- 
half times as long as the median length; frons narrow, tricarinate, 
nearly parallel-sided, the margins finely crenulate; clypeus small, re- 
flexed ; antenne short, second segment globular; pronotum about twice 
as long as the vertex, strongly produced anteriorly ; mesonotum about 
as long as the pronotum, tricarinate; the lateral carine strongly 
elevated and tuberculate; fore wings rugulose and reticulate, the 
corium broadly expanded and the clavus elevated; no submarginal 
veins; posterior tibie with strong spine at the middle, and another 
near the apex. 


Traxus fulvus n. sp. 
Figs. 62, 238, 239, 532, 474 


This species may be recognized by its general ochraceous orange 
color with the clypeus and coxe black. 

Frons concave deeply emarginate dorsally, the carine very irregu- 
lar the lateral margins nearly parallel crenulate, suddenly constricted 
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to the small elypeus; pronotum with an evident median carina and 
two impressed points either side; mesonotum tricarinate, the median 
carina faint, the lateral carine elevated into elongate tubercules; 
wings rather narrow, the apical margins obliquely rounded. 


Cotor: General color dull ochraceous orange sometimes clouded 
with blackish; eyes black, the lateral margins of the frons alternate 
black and white; clypeus, coxze, fore and middle femora black, irrorate 
with paler; wings concolorous, the veins a little paler. 

Length, male, apex of head to apex of abdomen 4 mm.; female, 
5.50 mm. 

Holotype ¢. Brownsville, Texas, August 8,1906. A. B. Woleott. 

Allotype 2. Brownsville, Texas, November 26, 1910. In the col- 
lection of Illinois State Laboratory Natural History. 

Paratypes 19. November 24, 1911. 19, November 21, 1911. 
1¢, November 26,1919. All collected at Brownsville, Texas. 


Thionia quinquata n. sp. 
Fig. 255 

This species may be recognized by its narrow five angled vertex and 
nearly uniform brown color which is almost uniformly covered with 
small dark points. 

Vertex narrow, a little longer than broad, the lateral margins 
diverging, the anterior margin strongly produced; frons narrow tri- 
carinate, the lateral margins a little arched; pronotum strongly pro- 
duced between the eyes; mesonotum long with an evident transverse 
carine ; fore wings with the longitudinal and transverse veins evident. 

Cotor: General color ochraceous brown with the whole surface 
of the body including the wings and legs uniformly sprinkled with 
small black points, veins of the wings and claws black. 

Length to tips of the wings 8.00 mm. 

Holotype ?. Raleigh, N. C. Early September. C. 8. Brimley. 


Acanalonia fasciata n. sp. 
Figs. 127, 558 
This species bears a general resemblance to Acanalonia bivittata 
Say but it may be recognized by its small size, pale legs and frons, 
and different genitalia. 


Es 
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Head broad, slightly broader than the prothorax; vertex broad, 
tricarinate; lateral margins strongly diverging; posterior margin 
broadly curved; anterior margin curving gradually into the frons. 
Frons very broad, nearly twice as broad as long. Pronotum elongate ; 
anterior margin produced; postericr margin broadly triangularly 
notched. Mesonotum elongate without carina. Fore wings elongate, 
about twice longer than broad, longitudinal veins distinct; reticulat- 
ing veins rather indistinct on the basal half. Last ventral segment 
of the female broadly excavated without median tooth. 


Coton: General color testaceous (green in life?) with the broad 
brownish fascia extending from the compound eyes across the lateral 
field of the pro- and mesonotum and gradually attenuated along the 
sutural margins of the elytra. Frons, elypeus and all of the legs 
testaceous. Last ventral segment of the female broadly excavated 
to almost its anterior border. 


Length, apex of head to ape. vt abdomen 5.25 mm.; to apex of 
wing 7.35 mm.; length of wing 5.07 mm.; greatest width of wing 2.62 
mm. 

This species might readily be mistaken for a depauperate form of 
Acanalonia bivittata but the coloring is somewhat different and the 
genitalia totally unlike. 


Holotype ?. Brownsville, Texas. 
Allotype ¢. Nogales, Arizona. 
Paratypes 12,14. Nogales, Arizona. September. 


Flatoides maculosus n. sp. 
Figs. 17, 145 

This species may be recognized by its short, broad vertex, pale 
ochraceous buff or olive ochraceous buff color, heavily spotted with 
fuscous and by the very distinct genitalia. 

Head broad; vertex nearly twice broader than long angularly pro- 
duced anteriorly; frons somewhat elongate, conically produced ba- 
sally ; elypeus about one and one-half times as long as broad; clypeal 
grooves evident; antenne with second segments about one and one- 
half times as long as first segment, both segments somewhat flattened. 
Pronotum broad, short, nearly four times as broad as long. Meso- 
notum strongly produced anteriorly; costal margins of the wing 
faintly crenulate; costal membrane about twice as broad as the costal 


192 JOURNAL OF THE MITCHELL SOCIETY | May 


cell; the transverse veins slightly reticulate ; humeral angles not much 
produced ; hind tibia with three spines; the basilar one small; female 
genitalia with last and penultimate segments deeply almost squarely 
excavated; pygofers large, broadly curved on the inner margins; 
marginal teeth very fine and numerous; anal segment broad, tri- 
angular, barely exceeding the pygofers; last ventral segment of the 
male broader than long, roundly excavated apically; pygofers nar- 
row, about two and one-half times as long as broad, longer than the 
last ventral segment, broadly separated at the base, approximate sub- 
apically, their apices bluntly rounded. 


Cotor: General color in the female pale ochraceous buff, heavily 
flecked with blackish fuscous; in the male the general color is more 
olive; head unmarked except for two blackish dashes in front of the 
eyes and three black spots on the second joint of the antenne. Pro- 
notum with two impressed points near the anterior border and a 
blackish cloud behind the eye. Mesonotum with three blackish spots 
along each posterior border, the central one very large and a pair of 
spots medianly near the anterior border; wings heavily marked with 
irregular blackish fuscous spots. There is usually a row of very 
irregular spots along the costal border which become small triangular 
spots around the apical margin. The corium is marked with numer- 
ous large and small spots and the last subapical line is irregularly 
bordered with fuscous externally ; the clavus has a large spot near the 
base and a row of short dashes along the sutural margin. 

Length, female, apex of head to apex of abdomen 7.50 mm.; to 
apex of wing 10.40 mm.; male, apex of head to apex of abdomen 6.30 
mm.; to apex of wing 9.20 mm. 

This species might be confused with pale specimen of Flatoides 
punctatus Walker but they are much more heavily spotted and their 
genitalia are entirely different. 

Holotype @. Paradise Key, Florida. In the collection of the 
U. 8S. National Museum. 

Allotype ¢. Mareo, Florida. 


Flatoides concisus n. sp. 
Fig. 150 


This species may be recognized by its small size, pale color and 
short transverse vertex. 
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Head broad, nearly as broad as the disk of the pronotum; vertex 
short, about one and one-half times as broad as long; anterior margin 
nearly right angled; frons longer than broad, bluntly produced ba- 


‘sally; elypeus broad, flat, clypeal grooves indistinct, antenne with 


second joint nearly three times as long as first, truncate apically. 
Pronotum short, produced anteriorly to the anterior margins of the 
eyes, triangularly notched posteriorly. Mesonotum small, flat, wings 
elongate narrow, costal membrane about twice as wide as the costal 
cell, costal margin straight ; two subapical lines rather irregular ; hind 
tibia with two spines on the apical third; last ventral segment of the 
female triangularly notched; penultimate deeply notched with the 
side margins converging slightly; pygofers short, broader than long, 
the apical margins broadly rounded with heavy teeth; anal segment 
short, transverse, exceeded by the pygofers. 


Cotor: General color pale ochraceous buff, heavily sprinkled with 
a whitish powder, a few blackish fuscous markings; vertex fuscous 
with the median lines and lateral margins paler; frons and clypeus 
ochraceous buff; pronotum with two impressed points and a blackish 
cloud behind the eyes. Mesonotum brownish fuscous clouded with 
blackish anteriorly ; fore wings ochraceous buff, veins nearly concol- 
orous. There is a broad irregular blackish fuscous band from the 
costal margin across the humeri to the middle of the clavus, another 
one at the apex of the clavus extends on to the corium, another di- 
agonal band at the apex of the costal membrane and a few irregular 
fuscous clouds in the cells of the membrane, apical spots very faint; 
venter and legs ochraceous buff, excepting the mesopleura, genital 
pieces, spines and claws of the legs which are marked with fuscous. 


Length, apex of head to apex of abdomen 6.60 mm.; to tip of wing 
9.10 mm. 


Holotype @. Florida. 


This is a very small pale species which is closely related to 
Flatoides acutus Uhler. The genitalia seem to be sufficiently distinct 
and the color is entirely distinct. 


Neocenchrea New Genus. 


Orthotype Cenchrea heidemanni Ball. 


This genus is closely related to Cenchrea but the vertex is narrower, 
more produced ; the frons is narrower, the side margins more elevated ; 
the wings are elongate with distinct venation. 
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Head narrow; vertex about twice as long as broad, strongly pro- 
duced anteriorly; triangularly excavated on the posterior margin, 
lateral margins strongly elevated and pustulate; anterior margin 
separated from the frons by a distinct carina; frons narrow, about 
four times as long as broad on the clypeal margin, the lateral margins 
nearly parallel above, gradually widened to the border of the elypeus 
below; the lateral margins strongly elevated; median carina wanting ; 
elypeus strongly inflated broadly inserted into the frons, wider than 
the frons; lateral border faintly margined; median carina distinct ; 
antenne short; antennal collar strongly elevated; second segment of 
the antenne about four times as long as the first; eyes large, ventral 
sinus broad and deep; prothorax short, broadly notched posteriorly ; 
the posterior borders strongly elevated; median carina blunt; inter- 
mediate carina blunt; lateral carina not as strongly elevated as the 
ventral margin; antennal chamber very deep. Mesonotum nearly as 
long as broad, strongly inflated anteriorly, tricarinate; all the carine 
faint; wings long and narrow, nearly five times as long as broad; 
radius separated from subcosta at about the middle of its length; 
medius two branched, each of these branches forked at a short dis- 
tance from the apex; cubitus deeply forked; forking nearly the same 
level as the claval veins; claval veins two, the posterior one coarsely 
pustulate; legs slender; posterior tibia unarmed; posterior tarsi 
nearly half as long as the tibia. 


Euklastus New Genus. 
Fig. 339 


Orthotype Luklastus harti n. sp. 


This genus may be recognized by the peculiar venation of the 
wings, by the narrow frons and elongate antenne. 

Head narrow, the eyes large, vertex very small, deeply incised 
posteriorly ; produced anteriorly and continued as the narrow rounded 
frons; frons very narrow produced; clypeus broader slightly inflated, 
antenne elongate, first joint very small, second joint flattened, elong- 
ate; pronotum short, deeply notched posteriorly, the anterior margin 
a little produced, median carina evident; mesonotum large, ecarinate ; 
fore wings long, subeosta and radius united to near the apex of the 
wing; medius with four branches, clavus narrow, open, the common 
stem of claval veins extending to first cubitus, hind wings small, costal 
margin with an appendix, venation reduced; legs slender, hind tibie 
without spines. 


— 


— 
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Euklastus harti n. sp. 
Figs. 23, 334, 385, 336, 520, 479 


This species may be recognized by its small vertex, pale colors 
with the wings heavily but sparsely spotted with fuscous. 

Vertex consisting chiefly of the carinate lateral borders, posterior 
margin deeply triangularly emarginate, broadly rounded anteriorly 
to the frons; frons narrow, keel-like, produced; eyes large, deeply 
sinuate, the anterior horn strongly produced ventrally ; antennal col- 
lar strongly elevated; first segment of the antenne minute, second 
segment flattened about six times as long as broad, narrow basally, 
widened apically, the apex obliquely truncate and notched for the 
bristle; pronotum deeply notched posteriorly, the sides flaring; fore 
wings elongate, spatulate. 


Cotor: General color pale tawny yellow, eyes black, fore wings 
milky subhyaline, veins yellow with a few spots of tawny, and a few 
rosy red spots at the apex of the costal cell on the costal cross veins, 
the tawny spots are arranged as follows, a small one at the base, a 
narrow one about one-third the length of the wing from the base ex- 
tends from the costal margin to the cubital veins, two small transverse 
ones beyond this in the costal cell, a narrow cloud on the radio-medial 
cross veins, a broad cloud on the cell subcosta one, a large spot on the 
first and second medius, the veins at the apex of the wing with small 
spots and the small quadrangular cells of the costal margin clouded 
with tawny ; legs and abdomen pale tawny yellow. 

Length, apex of head to apex of abdomen 2.10 mm.; to tips of 
fore wings 6.30 mm. 

Holotype ¢. Alto Pass, Illinois. -C. A. Hart, August 13, 1891. 

This delicate little species is named in honor of the late Mr. C. A. 
Hart who labored so industriously collecting and arranging the 
Illinois Fulgoride. 


Herpis incisa n. sp. 
Figs. 619, 486 


This is a small blackish species with distinct male plate. 

Vertex twice broader than long. Frons broad, short, scarcely two 
and one-half times as long as broad, only slightly narrowed between 
the eyes; lateral margins slightly elevated with faint central carine. 
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Clypeus elongate, longer than the frens with distinct lateral and cen- 
tral carine. Compound eyes with ventral sinus rather deep. Pro- 
notum narrow, deeply and broadly notched posteriorly ; breast plates 
rather small; three mesonotal carine rather sharp ; subcostal cell about 
twice as long as broad. Male plates with the inner margins with a 
distinct notch on basal half, apical tooth very blunt and short. 
Cotor: General color blackish fuscous; beak and legs ochraceous 
buff with the tip of the former and the tarsi spotted with blackish. 
Fore wings blackish fuscous, veins darker, covered in fresh specimens 
with dark bluish powder. Hind wings smoky, subhyaline; veins 
blackish. - 
Length, apex of head to apex of abdomen 1.75 mm.; to apex of 
wings 3.15 mm.; width of pronotum .98 mm.; wings expanse 8.40 mm. 
Holotype ¢. New Haven, Conn., July 2, 1920. B. H. Walden. 
Allotype 2. North Branford, Conn., July 2, 1920. B.H. Walden. 
On Saliz. 


Herpis australis n. sp. 
Fig. 620 


This is a medium large, blackish fuscous species with light yellow 
venter and legs; and distinct-genitalia. 

Vertex nearly twice as wide as long, rounded anteriorly, separated 
from the frons by a very faint carina; frons nearly three times as long 
as broad, side margins strongly reflexed but little narrowed between 
the eyes; clypeus long, nearly as long as the frons; subantennal plate 
strongly elevated. Pronotum short, deeply excavated, posteriorly. 
Mesonotum long, weakly tricarinate on the anterior border ; wings long 
and narrow; venation typical. Male plates large, separated about the 
width of their bases basally, the inner margins converging and nearly 
meeting in the middle of their length then widely converging apically 
ending in long sharp recurved spines. This species bears a general 
resemblance to our northern Herpis vulgaris Fitch but it averages 
somewhat smaller and the genital plates are entirely distinct. 


Cotor: General color blackish or brownish fuscous; venter and 
legs pale yellow, more or less covered with blueish powder; head 
mostly brownish testaceous; lateral margins of the clypeus and frons 
bordered by a broad blackish stripe; eyes blackish; genz and lateral 
margins of the elypeus blackish fuscous; pronotum yellowish testa- 


ae 
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ceous. Mesonotum blackish; fore wings deep brownish fuscous at the 
base gradually paler apically, densely covered with brownish pow- 
der, veins darker; venter and legs pale yellowish; tips of the tarsi 
and claws blackish; abdomen brownish fuscous densely covered with 
brownish powder. 


Length, apex of head to apex of abdomen 2.45 mm.; to apex of 
wing 4.20 mm.; length of wing 3.85 mm.; greatest width of wing 1.40 
mm.; width across the tegule 1.05 mm. 


Holotype ¢. Brownsville, Texas, November 11. In the collection 
of the Illinois Laboratory of Natural History. 

Allotype 2. Brownsville, Texas, November 24. 

Paratypes 2¢ ¢. Brownsville, Texas, December. 


Stenocranus arundineus n. sp. 
_ Figs. 399, 400, 640, 641, 552 


This species may be recognized by its general light orange yellow 
color without conspicuous black markings except the black eyes and 
its broad short vertex. 

Head narrower than the pronotum; vertex broad about twice as 
long as broad at the base, the basal margins strongly elevated and 
weakly triangularly notched; the lateral carinze meeting before the 
anterior margin of the compound eyes; median carina wanting; frons 
about five times as long as broad nearly parallel margined throughout 
its entire length; clypeus long about two-thirds as long as the frons; 
antenne long reaching beyond the elypeal margin with segment two 
about three times as long as segment one; pronotum about as long as 
vertex; lateral carine strongly convergingly curved; posterior margin 
weakly excavated between the lateral carine; mesonotum about two 
and one-half times as long as pronotum; lateral carine converging ; 
calear half as long as the basal segment, strongly appressed; male 
pygofer about as long as broad; genital styles broad at the base, 
rather suddenly constricted curving outward and then inward with 


‘sharp apices nearly touching; anal tube as long as the pygofer with 


two strong nearly parallel ventral processes which are quite sharply 
pointed; female pygofers broad and rather flat; ovipositor narrow, 
well elevated; anal tube short without ventral spines. 

Cotor:. General color light orange yellow with the frons and the 
antenne and two broad stripes just inside the lateral carine orange ; 
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between these stripes the pronotum and mesonotum are creamy white, 
these stripes are faintly indicated along the clavus with the suture 
margin creamy white; the eyes, the spines on the legs and the claws 
black. 

Length, apex of vertex to apex of abdomen 3.75 mm.; width of 
pronotum 1.00 mm.; length of vertex .33 mm. 

Holotype ¢. Swannanoa, N. C., August 9, 1918. Herbert Os- 
born and Z. P. Metealf. 

Allotype @. Swannanoa, N. C., August 9, 1918. Herbert Os- 
born and Z. P. Metealf. 

Paratypes 10¢ and 109¢. 

Collected Swannanoa, North Carolina, August 1919 from Arwndi- 
nara sp. 


Megamelanus terminalis n. sp. 
Figs. 18, 425, 426, 555, 661 


This species may be recognized by the bicolored wings of the 
brachypterous male, the strongly spatulate vertex and the straight 
lateral carine of the pronotum. 

Head as broad as pronotum; vertex flat with the lateral carina 
meeting at the apex; median carina faint; lateral carine of the gene 
very strong giving the vertex a broad spatulate appearance; frons 
about four times as long as broad; antenne short; second segment 
about two and one-half times as long as first; pronotum projecting 
anteriorly to about the middle of the eyes; nearly square anteriorly ; 
weakly sinuate posteriorly; about half as long as the vertex; lateral 
carine broadly separated straight, weakly diverging mesonotum equal- 
ling the pronotum; the lateral carine straight and more strongly 
divergent; calear nearly as long as the basal segment of the tarsi 
without the apical spines, strongly and uniformly toothed; pygofer 
of the male rather long, the genital aperture oval; genital styles 
diverging for about three-fourths of the length with the apical portion. 
incurved, sharply acuminate, meeting in the median line; anal tube 
with two long curved horn-like processes. 

Cotor: General color of the male: head and thorax pale buffy 
more or less shaded with fuscous; eyes black; legs ochraceous orange 
faded to buff at the joints with the spines and tarsal claws black. 
Brachypterous wings with the basal half milky subhyaline allowing 
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white metanotum to show through; the apical half opaque black; ab- 
dominal segments dorsally and ventrally ochraceous orange marked 
with black along the lateral margins; genital pieces black. Color of 
the female: eyes, spines of the legs, claws and ovipositors black; lat- 
eral margins of the pronotum and the tegule dusky; metapleura 
clouded with black; keolopterous wings long, narrow, faintly yellow 
the veins white setigerous. 


Length, apex of vertex to apex of abdomen, male, 2.25 mm.; fe- 
male 3.50 mm.; length of vertex, male, .66 mm.; female .66 mm.; 
width of pronotum, male, .50 mm.; female .66 mm. 


Holotype ¢. Carolina Beach, Wilmington, N. C., June 4, 1920. 

Allotype @. Carolina Beach, Wilmington, N. C., June 4, 1920. 

Paratypes 5¢. Carolina Beach, Wilmington, N. C., June 1920. 
Four é, Cape Charles, Virginia, July 31,1920. D.M. DeLong. Ten 
?, Carolina Beach, North Carolina, June 1920. Two ¢, Cape 
Charles, Virginia, August 1, 1920. D. M. DeLong. 


Megamelanus dorsalis n. sp. 
Figs. 110, 432, 433, 664 


This species may be recognized by its yellowish testaceous head 
and thorax, and blackish wings and distinct genitalia. 

Vertex elongate, narrow, the jateral margins converging slightly 
to in front of the eyes and then strongly to the acute apex; frons 
widened apically, strongly narrowed to the apex of the vertex; frons 
tricarinate; clypeus broad and short, antenne short; first segment 
about half as long as the second; second segment globular; eyes sub- 
globular, triangular in outline. Pronotum about half as long as the 
vertex, deeply notched posteriorly, tricarinate on the disk, the inter- 
mediate carina somewhat bowed outwardly; ventral margins of the 
breast plates convex, strongly reflexed. Mesonotum about as long as 
the pronotum, tricarinate, the lateral carina strongly converging an- 
teriorly ; wings elongate, narrow, opaque. Male pygofer rather short, 
broader than long; aperture large, the genital styles long, narrow, 
widened apically; anal segment short, anal processes short incurved, 
nearly meeting in the intermediate line, anal style short; female py- 
gofers long, narrow, nearly parallel-sided; last and penultimate ven- 
tral segment triangularly. notched; ovipositor long, reaching to the 
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apex of the pygofers; anal segment short, broad, nearly four times as 
broad as long, anal styles heavy about twice as long as the anal seg- 
ment. 


Cotor: General color yellowish white and black as follows: ver- 
tex, basal margins of the frons and genx, pro-and mesonotum yel- 
lowish white; apical seven-eights of the frons, clypeus, venter, ab- 
domen and fore wings blackish; legs mostly blackish; fore tibia and 
middle tibia and tarsi except the apex of the tarsi and claws yel- 
lowish whitish; apex of the hind femora, base and apex of the tibia 
and the hind tarsi yellowish. 

Length, apex of head to apex of abdomen 2.25 mm.; to the tip of 
the wing 2.60 mm.; width across the tegule .50. 

Holotype ¢. Atlantic City, New Jersey, August 25. W. J. 
Gerhardt. 

Allotype ¢@. Atlantic City, New Jersey, August 25. W. J. 
Gerhardt. 

Paratype ¢. Pascagoula, Miss., August 6, 1921. H. L. Dozier. 


Megamelanus lautus n. sp. 
Figs. 38, 427, 428, 662 


This species bears a superficial resemblance to Megamelanus dor- 
salis but the vertex is longer, narrower, the wings are more elongate, 
brownish fuscous, spotted with white and the genitalie are different. 

Vertex very long and narrow, not as much narrowed anteriorly 
as in the allied species; posterior margin nearly straight, median 
carina extending for only about half the length of the vertex; lateral 
carine strongly elevated; frons much narrowed above to the narrow 
vertex, strongly produced to the median carina; second segment of 
the antenne about twice as long as the first, subglobular. Pronotum 
slightly shorter than the vertex, disk tricarinate, the lateral carine 
nearly straight and nearly parallel to the median carina. Mesonotum 
tricarinate ; median carina abbreviated on the scutellar portion; fore 
wings elongate, narrow, nearly five times as long as broad, parallel 
margined not widened apically. Male pygofer short, broad, the aper- 
ture large, subtriangular; genital styles broad; flattening: the inner 
margins nearly continguous for half their length on the base then 
suddenly excavated, the apices obliquely truncate; the inner angles 
produced nearly meeting ; anal processes short, blunt, incurved, nearly 
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meeting on the median line, anal style short, blunt, barely produced 
beyond the anal segment; last ventral segment of the female triangu- 
larly notched to the base; pygofers subterete, exceeding the ovipositors 
slightly ; anal segment short and broad, posterior margin roundly ex- 
eavated, anal style elongate, subconical. 

Cotor: General color of the male, blackish fuscous, pale yellow 
and whitish; vertex, disk of the pro-and mesonotum pale yellowish 
white; frons, clypeus, ventral portion of the gene, breast plates and 
lateral areas of the mesonotum blackish fuscous; fore wings blackish 
fuscous; scutellar angle, apex of the clavus, broad triangular marks 
on the costal and anal borders whitish; legs pale yellowish with the 
spines and teeth on the calear and the claws black; abdomen largely 
blackish fuscous, a row of ochraceous orange spots on each segment ; 
the penultimate and last ventral segments and the pygofer ochraceous 
orange, the latter more or less clouded with fuscous apically. The 
female that I associate with this species is almost entirely pale yel- 
lowish with the eyes clouded with brownish; the clypeus pale ochra- 
ceous buff; the spines, teeth and claws of the leg black; the wings 
heavily clouded with fuscous apically. 

Length, male apex of head to apex of abdomen 2.50 mm.; to the 
tip of wing 3.15 mm.; across the tegular .50 mm.; female, apex of 
head to apex of abdomen 3.15 mm.; to the tip of the wing 3.85 mm.; 
width across the tegule .70 mm. 

Holotype ¢. Loma, Texas, December 11, 1910. In the collection 
of the Illinois State Laboratory of Natural History. 

Allotype 2. Loma, Texas, December 11, 1910. 

Paratype 1¢. Sarita, Texas, December 5, 1911.. 

Paratype 1g. Ocean Springs, Miss., August 15, 1921. H. L. 
Dozier. 


Megamelus distinctus n. sp. 
Figs. 408, 649 


This species may be recognized by its pale frons with the black 
elypeus and distinct genitalia. 

Vertex about three times as long as broad, rounded before; frons 
much narrower between, the eyes, nearly twice as wide below; an- 
tenn short, first segment nearly as long as the second; pronotum 
short, lateral carine straight and reaching posterior margin; meso- 
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notum twice as long as the pronotum, scutellar portion broad, obtuse; 
ealear tectiform, marginal teeth evident; pygofer of the male broad; 
genital plates long, triangular; genital styles small, U-shaped; anal 
segments elongate, the ventral margins produced into two obtuse 
processes ; edegus long, slender, needle-like. 


Cotor: General color testaceous gray, strongly marked with dull 
black; vertex whitish; posterior and frontal compartments marked 
‘with black; frons whitish, this color extended as a broad band across 
the genx, the proximal end of the fore coxe, the breast plates to the 
mesopleura; first segment of the antenne and the proximal end of the 
second similarly colored; the distal end of the second segment black ; 
clypeus black, this color extended as a broad band across the distal end 
of the cox to the metapleura; legs grayish testaceous, more or less 
clouded with brownish ; disk of the pronotum blackish ; narrow anterior 
and posterior borders and the carine testaceous gray; mesonotum 
black, the median carina and the scutellar portion gray; fore wings 
testaceous gray, the veins ochraceous yellow, faintly pustulate, basilar 
margin blackish fuscous, claval stem black fuscous to the commissural 
margin which is broadly blackish fuscous where the claval stem joins 
it, common stem of medius and cubitus blackish fuscous, this color 
extending along.medius and ecubitus for a short distance making a 
definite Y-shaped mark, veins at the apex brownish fuscous; abdomen 
black, the pleural pieces and posterior margin of the segments 
testaceous gray. 


Length apex of head to apex of abdomen 2.10 mm.; to the tips of 
wings 3.15 mm. 


Holotype ¢. Portland, Conn., July 25,1920. B. H. Walden. 


Megamelus estus n. sp. 
Figs. 108, 409, 650 


This species may be recognized by its general blackish color with 
a median pale vitta evident dorsally and distinct genitalia. 

Vertex narrow, strongly produced; frons much narrowed between 
the eyes, gradually widened apically; antenne with the basal seg- 
ment about as long as the second segment; pronotum a little shorter 
than the vertex, the intermediate carine not strongly divergent; 
mesonotum about as long as the pronotum, the intermediate carine 
not strongly divergent; male pygofer not strongly inflated; genital 


a 
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plates flat, obtuse at the apex; genital styles short, about half as long 
as the genital plates; genital hooks wanting; anal processes four, 
horn-like. 

Cotor: General color blackish fuscous, a broad median vitta pale 
yellow; frons, antenne, legs and venter, except the abdomen, pale 
yellow. 

Length, apex of head to apex of abdomen 2.50 mm. 

Holotype ¢. Carolina Beach, N. C., June 7, 1920. Z. P. Metcalf. 


Megamelus inflatus n. sp. 


Figs. 406, 646 


This species may be recognized by its almost uniform pale yellow 
color with the pygofer of the male strongly inflated, genital hooks 
united into a single obtuse process. 

Vertex rather broad, strongly produced; frons narrowed between 
the eyes, broadened apically, the median frontal carine forming a 
distinet callosity at the apex of the head; antenne long; first segment 
almost as long as the second; pronotum elongate, with a distinct im- 
pressed point either side of the median carina; intermediate carine 
strongly divergent, reaching the posterior border; mesonotum about 
as long as the pronotum; calears small; less than half as long as the 
basal segment of the tarsus; male pygofer strongly inflated; genital 
plates flat, ineurved at the apex with a small median tooth between; 
genital styles short, about half as long as the genital plates, obtuse at 
the apex; genital hooks united on the median line then produced into 
an elongate obtuse process; anal segments short, anal processes not 
produced. 


Cotor: General color pale yellow, the frons, antennz and eyes 
and the lateral margins of the abdomen a little darker. 

Length, apex of head to apex of abdomen 2.10 mm. 

Holotype ¢. Mill Neck, New York, June 19. N. Banks. In the 
collection of the Museum of Comparative Zoology. 

Paratype ¢. Mill Neck, New York. June 19. N. Banks. 

This distinct little species has evidently been confused in the past 
with Megamelus notulus but the male genitalia are entirely distinct. 
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Megamelus uncus n. sp. 
Figs. 410, 411, 651 


This species may be recognized by its general pale yellow color 
with the lateral borders of the abdomen broadly black and distinct 
male genitalia. 

Vertex narrow, produced; frons rather broad, narrow between 
the eyes first segment of the antenne about two-thirds as long as the 
second; pronotum shorter than the vertex; the intermediate carine 
not strongly divergent; mesonotum longer than the pronotum; calear 
about half as long as the basal segment of the tarsus; male pygofer 
broad, the genital plates narrow, triangular; genital styles about as 
long as the plates; genital hooks elongate, strongly recurved; anal 
processes two. 

Cotor: General color pale yellow; eyes black; metapleura with a 
large black spot; tarsus spines black; lateral border of the abdomen, 
the pygofer and most of the venter black. 

Length, apex of head to apex of abdomen 2.40 mm. 


Holotype ¢. Ellis Bay, Anticosti, Quebec, August 29. In the 
collection of the Museum of Comparative Zoology. 

Allotype 2. Ellis Bay, Anticosti, Quebec, August 29. In the col- 
lection of the Museum of Comparative Zoology. 

This is another species that might easily be confused with Me- 
gamelus notulus Germar; the male genitalia, however, are very dis- 
tinct. 


Megamelus anticostus n. sp. 


Figs. 412, 652 


This species may be recognized by the evident pale dorsal vitta 
and distinct male genitalia. 

Vertex broad, not much produced; frons broad, not narrowed be- 
tween the eyes; first segment of the antenne about half as long as 
the second; pronotum about as long as the vertex; the intermediate 
carine somewhat divergent; mesonotum longer than the pronotum ; 
calear about half as long as the basal segment of the tarsus; pygofer 
of the male broad, not inflated; genital plates narrow, lgulate, 
broadly separated; genital styles short; their apices bent at right 
angles; genital hooks elongate, broad and obtuse; anal segments two. 
spine-like, 


i 
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Cotor: General color pale yellow, eyes black; the lateral margins 
of the pronotum and mesonotum, the costal margins of the wings 
faintly fuscous, the lateral margins of the abdomen blackish, leaving 
a broad pale median vitta. 

Length, apex of head to apex of abdomen 2.50 mm. 


Holotype ¢. Ellis Bay, Anticosti, Quebec, August 29. 

Allotype @. Ellis Bay, Anticosti, Quebec, August 29. 

This species might readily be confused with Megamelus notulus 
but the male genitalia are very distinct. 


Pissonotus speciosus n. sp. 


Figs. 32, 450, 680 


This species may be recognized by its small size bright colors and 
distinet genitalia. 

Vertex not short, produced; frons short, the median carina forked 
just below the apex of the head; pronotum a little longer than the 
vertex, sinuate posteriorly; mesonotum very small, wings reach- 
ing nearly to the pygofers; genital aperture small, ventral sinus 
produced ; genital styles terete at the base broadly curved, the apices 
expanded and truncate, the inner angles produced meeting on the 
median line, the basal angles obtusely produced; anal processes 
strongly produced, obtuse and finger-like apically. 


CoLtor: General color black and bright ochraceous orange and 
black, strongly contrasted; vertex and frons black; eyes, gene and 
first segment of the antennex black; clypeus and second segment of 
antenne bright ochraceous orange; pronotum black; posterior border 
broadly white; mesonotum black; wings transparent; scutellar por- 
tion of the mesonotum and basal segments of the abdomen bright 
ochraceous orange; apical segments largely black with distinct white 
powder, paler in the dorsal line and onthe posterior borders; legs 
pale ochraceous buff. 

Length, apex of head to apex of abdomen 1.90 mm. 

Holotype ¢. Wrentham, Mass., June 27, 1920. G. W. Barber. 

Paratypes 26 $6. Wrentham, Mass., June 27, 1920. G. W. 
Barber. 
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Pissonotus fulvus n. sp. 


Figs. 448, 678 


This species may be recognized by its almost uniform ochraceous 
orange color with only the eyes and tips of the tarsi black. 

Vertex elongate, narrow, nearly twice as long as broad; frons 
elongate, narrow, the median carina forked well below the apex of 
the head; pronotum shorter than the vertex, the lateral carine reach- 
ing the posterior border; mesonotum shorter than the vertex; genital 
aperture elongate, linear; the genital plates triangularly produced; 


genital styles slender, acute, parallel shorter than the hooks, genital. 


hooks nearly straight, parallel, the apices suddenly constricted acute ; 
anal processes short, incurved. 

Cotor: Almost uniform ochraceous orange; eyes black; carine 
of frons sometimes narrowly lined with black; clypeus yellow, tarsal 


claws black; genital sytles and hooks and the anal process tipped 
with black. 


Length, apex of head to apex of abdomen 2.50-3.00 mm. 
Holotype ¢. Paxton, Illinois, July 30, 1916. 

Allotype @. Paxton, Illinois, July 30, 1916. 

Paratype 1¢. Metropolis, Illinois, August 19, 1916. 


Pissonotus nigridorsum n. sp. 


Figs. 449, 679 


This species may be recognized by its general shining black color 
with the elypeus and legs bright yellow. 

Vertex broad, broadly rounded anteriorly; frons broad, the me- 
dian carina forking below the middle of the eyes; antenne long first 
segment joint about half as long as the second; pronotum longer than 
the vertex, the lateral carine becoming obsolete before the posterior 
border ; aperture of the pygofer broad; ventral sinus distinct; genital 
styles large, twisted broader and truncate apically, the inner angle 
produced and recurved; anal processes short, recurved, their apices 
concealed by the styles. 

CoLtor: General color shining black, elypeus and legs except the 
tip of the tarsi pale yellow. 

Length, apex of head to apex of sists 2.25 mm. 

Holotype ¢. Greenburg, Pa., September 18, 1904. M. Wirtner. 
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Liburnia shermani n. sp. 
Figs. 557, 686 


This species is close to LZ. campestris Van Duzee but may be recog- 
nized by the entirely distinet genitalia. ; 

Vertex long and narrow, short; lateral carine indistinct over the 
apex of the head; frons broad below about three times as long as broad ; 
posterior margin of the pronotum nearly straight; lateral carine 
strongly curved outward, following the posterior margin of the eyes; 
calear short and narrow about half as long as the basal tarsal segment ; 
marginal teeth very minute; male pygofer short, the genital opening 
notched ventrally, rounded dorsally ; genital styles broad at the base, 
widely separated touching each other medially about one-third of the 
distance from the margin of the genital aperture then constricted into 
a narrow neck-like portion which expands apically into a broad mush- 
room-shaped apex; anal tube with two blunt ventral processes ; female 
genitalia with the pygofers about four times as long as broad, slightly 
longer than the ovipositor. 

Cotor: General color brilliant orange yellow with the following 
parts marked with black; eyes, genee, meso-and metapleura and a row 
of lateral spots on the margins of the abdomen; the frons in the male 
is deep black, in the female brownish testaceous; the lateral pieces of 
the pronotum are white in the male and female with the broad pos- 
terior margin of the pronotum in the male whitish. 

Length, apex of head to apex of abdomen 2 mm.; width of the 
pronotum .66 mm. 


Holotype ¢. Raleigh, N. C., late July. F. Sherman. 
Allotype @. Raleigh, N. C., late July. F. Sherman. 
Paratypes 52 ?. Raleigh, N. C., late July. F. Sherman. 


Liburnia unda n. sp. 
Fig. 709 
This is a pale species quite similar to Liburnia detecta Van Duzee 
but may be recognized by its distinct genitalia. 
Vertex broad and short; the lateral carine distinct over the apex 
of the head; frons broad, narrowed to about half its width between 


the eyes; pronotum as long as the vertex; the lateral carine diverg- 
ingly curved outward; mesonotum but little longer than the pro- 
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notum; calear rather narrow with the margins strongly reflexed, 
about two-thirds as long at the basal segment of the tarsi, teeth very 
fine; pygofers of the male short; the genital aperture broadly oval 
below the anal tube; the dorsal margin strongly reflexed and touch- 
ing the anal tube dorsally; genital styles narrow, blunt, their bases 
contiguous about one-third of the length and then roundly diverging 
so that their apices are about half of their length apart. 

Cotor: Color pale creamy white with the eyes, the lateral mar- 
gins of the mesonotum, mesopleura, and a row of more or less con- 
fluent spots on the lateral margins of the segments of the abdomen 
blackish; these blackish markings fading to fuscous in the female. 

Length, apex of vertex to apex of abdomen 2.50 mm.; width of 
pronotum .85 mm. 

Holotype ¢. Carolina Beach, near Wilmington, N. C., June 6, 
1920. Z. P. Metealf. 

Allotype @. Carolina Beach, near Wilmington, N. C., June 6, 
1920. Z. P. Metcalf. 

Paratypes 1¢. Carolina Beach, near Wilmington, N. C., June 6, 
1920. Z. P. Metealf. 


Liburnia triloba n. sp. 


Fig. 702 


This species may be recognized by its dull ochraceous brown color, 
large size and distinct genitalia. 

Vertex quadrate, produced anteriorly, a little longer than broad; 
frons narrow between the eyes, arched ventrally; antenne long, the 
second segment about one and one-half times as long as the first; 
pronotum as long as the vertex, broadly notched posteriorly ; meso- 
notum nearly twice as long as the pronotum, the seutellar portion 
very large; calear large and foliaceous, marginal teeth stout; genital 
aperture elongate, ventral sinus shallow, ventral teeth small, acute, 
side margins a little inflated ; dorsal angles slightly produced ; genital 
styles contiguous, horizontal at the base, strongly projecting pos- 
teriorly, the apical portion bent at right angles and trilobed; the in- 
ner lobe slender with a ventral tooth, dorsal lobe elongate, marginal 
lobe obtuse; genital hooks slender, curving posteriorly ; anal segment 
short, processes obtuse. 
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Cotor: General color testaceous yellow; frons and elypeus brown; 
eyes black; wings brownish yellow, veins faint on the base a little 
brown apically ; abdomen of the male black, the margins and ventral 
pieces narrowly bordered with pale yellow. 

Length, apex of head to apex of abdomen 2.25 mm.; to the tips of 
wings 3.30 mm. 

Holotype 3. New Orleans, La. 

Paratypes 2¢ 6. ‘Titusville, Fla., November 8, 1911. Cornell 
University collection. 


Liburnia alexanderi n. sp. 


Fie. 704 


This species may be recognized by the pale yellow color of the 
head, thorax and legs, the frons, wings and abdomen largely black. 

Vertex narrow about twice as long as broad, more produced an- 
teriorly; frons narrow between the eyes widened below; antenne 
short, first joint nearly as long as the second; pronotum shorter than 
the vertex; mesonotum short, lateral carine strongly divergent; cal- 
ear small, acute; genital aperture large, ventral sinus shallow; genital 
styles together lyre-shaped, contiguous at the base, their basal angles 
a little produced, the apical margin broadly recurved, the inner angles 
a little produced. 

Coton: General color of the head and thorax and legs pale yel- 
low; eyes black, lateral compartments of the frons and eclypeus black; 
the carine pale yellow, gene largely black; wings piceous brown to 
piceous black, the veins distinet ; abdomen piceous brown to black, the 
broad posterior margins of the abdominal segments and the lateral 
margins pale yellow. 

Length, apex of head to apex of abdomen 1.75 mm. 

Holotype ¢. Swannanoa, N. C., August 25, 1919. H. Osborn 
and Z. P. Metealf. 

Paratypes 1¢. Urbana, Illinois. 14 Dongola, Illinois, August 
21; 1916. 

1¢. Tupelo, Miss., March 22, 1921. H. L. Dozier. 

1g. Falls Church, Va., August 24, N. Banks. 
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Liburnia fulvidorsum n. sp. 
Figs. 31, 705 


This species may be recognized by the pale yellow color of the 
frons, vertex, thorax and legs; wings and the abdomen largely black. 

Vertex about twice as long as broad, rounded anteriorly, carine 
distinet; frons nearly parallel sided, very little broadened below; 
antenne long, reaching the clypeal margin, the second segment twice 
as long as the first; pronotum elongate, the posterior margin tri- 
angularly notched; mesonotum short, the lateral carine strongly 
diverging ; calear foliaceous; rather broad; aperture of the pygofer 
very broad, triangular below, the dorsal angles strongly produced; 
genital styles broad, ligulate, truncate at the apex; anal segment 
short. 

Cotor: Head excepting the black eyes pale yellow; thorax in- 
cluding the legs pale yellow, the metapleura with a fuscous spot; 
brachypterous wings black, opaque; abdomen black, the posterior 
segments broadly margined with yellow, the lateral margins broadly 
yellow. 


Length, apex of head to apex of abdomen 2.10 mm. 


Holotype ¢. Brownsville, Texas, December 10, 1910. 
Paratypes 26 ¢. Brownsville, Texas, December 10, 1910. 


Liburnia gerhardi n. sp. 
Figs. 703, 496 


This species may be recognized by its general bright ochraceous 
yellow color with the frons narrow and distinct genitalia. 

Vertex about one and one-half times as broad as long, distinetly 
carinate, broadly rounded at the frons; frons narrow, elongate, the 
sides a little arched below the eyes; antenne elongate, the first seg- 
ment about as long as the second; pronotum about as long as the 
vertex, broadly sinuate posteriorly; mesonotum large, the scutellar 
portion occupying about half its length, lateral carinew broadly di- 
vergent ; calear very large, foliaceous, nearly as long as the basal seg- 
ment of the tarsus; genital aperture very large, ventral sinus tri- 
angular, deep, the ventral angles a little produced, dorsal angles 
strongly produced; genital styles contiguous at the base, the basal 
angles roundly produced posteriorly, the stems strongly divergent, the 
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apical portion broad and flat, the outer angle produced dorsad to near 
the dorsal angle, the inner angle reflexed, produced into a strong 
finger-like process; anal segments short, anal processes slender, in- 
curved, reaching the dorsal margin of the diaphragm. 

Cotor: General color bright ochraceous yellow, shining; eyes 
black; pleural pieces and abdomen black, the lateral margins and 
posterior borders of the segments narrowly yellow. 

Length, apex of head to apex of abdomen 2.95 mm.; to the tips of 
wings 5.25 mm. 


Holotype 1é¢. Beverly Hills, Ill, August 31, 1907.. W. J. 
Gerhard. 

Allotype1¢?. Beverly Hills, Ill., August 31,1907. W. J. Gerhard. 

Paratype 19. Chicago, Ill., July 5, 1907. 

I take pleasure in naming this species for Mr. W. J. Gerhard who 
very kindly loaned me his entire collection of Fulgoridw for study. 


Liburnia staminata n. sp. 


Fig. 706 

This species may be recognized by its pale color with the frons 
strongly constricted between eyes, the genital styles slender; the 
apices suddenly expanded. 

Head broad; vertex narrow, strongly produced; lateral margins 
converging anteriorly and the carine strong over the apex of the head ; 
frons broad strongly narrowed between the eyes broadest at about the 
level of the antenne, converging toward the clypeus; antenne reach- 
ing the elypeal margin, first segment nearly as long as second; pro- . 
notum longer than vertex, distinctly notched posteriorly ; mesonotum 
transverse, the scutellar portion large; calear very long, longer than 
the basal segment of the tarsus; pygofer of male long, genital aper- 
ture large, ventral sinus shallow; genital styles slender, contiguous 
at the base, diverging from each other at an angle of about eighty-five 
degrees; the apices suddenly expanded stamen-like ; the dorsal margin 
of diaphragm produced into a short nearly quadrate median tooth; 
anal segment short; anal processes broadly triangular reaching the 
dorsal margin of the diaphragm. 

Cotor: General color dull ochraceous yellow; eyes black, tips of 
tarsi blaek; wings ochraceous yellow, the veins brighter; anal seg- 
ment fuscous brown. 
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Length, apex of head to apex of abdomen 2.80 mm.; to tips of 
wings 3.50 mm. 


Holotype ¢. Chicago, IlL, July 25. W. J. Gerhard. 


Liburnia waldeni n. sp. 


Fig. 698 


This species may be recognized by its uniform duil brown color 
and short male pygofer. 

Vertex rather narrow, elongate; carine fairly distinct over the 
apex of the head; frons narrowed between the eyes, a little arched 
below; antennz reaching well beyond the clypeal margin; pronotum 
nearly as long as the vertex, the lateral carine not strongly reflexed ; 
pygofer of the male short, truncate caudally, the genital aperture 
large, the genital styles long, ligulate, a little arched, their apices acute 
meeting in the median line just below the anal segment, which is 
definitely incised on the ventral margin and triangularly produced 
on each side. 

Cotor: General color dull blackish brown; antenne and legs 
buffy, lateral margins of the abdomen with large pale spots, wings 
brownish, the veins darker. 

Length, apex of head to apex of abdomen 2.10 mm.; to tips of 
wings 3.30 mm. 

Holotype ¢. New Haven, Conn., August 8, 1920. B. H. Walden. 


Criomorphus conspicuus n. sp. 
Figs. 105, 391, 392, 549, 635 


This species has a general resemblance to Phyllodinus flabellatus 
Ball but the tibie are terete, not expanded and the median frontal 
carina is forked on the elypeal margin. 

Head wide, about as wide as the pronotum; vertex about as broad 
as long; median carina short, the lateral compartments elongate, 
reaching almost to the base of the vertex; posterior margin of the 
vertex nearly straight; anterior margin slightly arched; frons about 
twice as long as broad, lateral margins curved; median carina of the 
frons forked nearly to the clypeal margins, the two prongs of the fork 
conspicuous on the apex of the head; antenne with first segment 
about half as long as second, the second segment clavate. Pronotum 
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nearly as long as the vertex, posterior margin nearly straight. Meso- 
notum small, carine wanting or very faint. Brachypterous wings 
short, reaching the second segment; abdomen short and stout. Male 
pygofer short, broad, about twice as broad as long; aperture broad, 
triangularly excavated ventrally ; genital styles slender, nearly hori- 
zontal; the inner margin expanded to the middle then suddenly con- 
stricted, the styles ending in acute reflexed tips; anal segment short, 
the anal processes long, acutely pointed, anal styles short, barely 
exserted. 

Cotor: General color black with the head, thorax and legs largely 
testaceous yellow, the posterior margin of the pronotum and the apical 
margin of the wings bordered with whitish; head testaceous yellow; 
eyes blackish; frons with the carinz narrowly bordered with fuscous. 
Pronotum testaceous yellow; posterior border margined with whitish. 
Mesonotum testaceous yellow, the posterior borders whitish; fore 
wings blackish, the apical margins bordered with whitish; legs tes- 
taceous yellow; femora lineate with fuscous; claws and spines black- 
ish; abdomen shining black with each dorsal segment with a median 
testaceous yellow dash on the posterior border; pygofer fuscous and 
anal segments bordered with yellow posteriorly. 

Length, apex of head to apex of abdomen 2.60 mm. 

Holotype 9. New Haven, Conn., June 1920. B. H. Walden. 

Paratypes1¢?. Urbana, Ill., June 1913. 12. Forest Hills, Mass., 
August 1919. 

This is a very pretty little species and has apparently escaped 
attention previously. 
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EXPLANATION OF PLATES 


PLATE 38 


Amycle vernalis Manee. 
Aphelonema rosa Metealf. 
Cyrpoptus belfragei Stal. 
Poblicia misella Stal. 

Poblicia fuliginosa Olivier. 
Phylloscelis atra albovenosa Melichar. 
Megamelus angulatus Osborn. 
Phylloscelis pallescens Germar. 
Poblicia constellata Walker. 
Ormenis rufifascia Walker. 
Aphelonema bivittata Ball. 
Acanalonia bivittata Say. 


PLATE 39 


Catonia nava Say. 


. Flatoides scabrosus Melichar. 

. Flatoides fuscus Van Duzee. 

. Flatoides maculosus Metealf. 

. Megamelanus terminalis Metealf. 
. Pentagramma vittatifrons Uhler. 
. Myndus slossoni Ball. 


Pissonotus guttatus Spooner. 
Laccocera zonata Van Duzee. 


PLATE 40 


Euklastus harti Metealf. 
Amalopota uhleri Van Duzee. 
Amalopota fitchi Van Duzee. 


. Patara vanduzei Ball. 
. Otiocerus degeerii Kirby. 


Otiocerus coquebertii Kirby. 


. Liburnia campestris Van Duzee. 
. Bruchomorpha bicolor Metcalf. 
. Liburnia fulvidorsum Metealf. 


Pissonotus speciosus Metealf. 
Otiocerus stollii Kirby. 
Otiocerus abbotii Kirby. 


. Otiocerus wolfii Kirby. 


Otiocerus schellenbergii Kirby. 


. Fitehiella robertsoni Fitch. 


Megamelanus lautus Metealf. 
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PLATE 41 


Cyarda melichari Van Duzee. 
Cyarda acuminipennis Spinola. 
Rhynecopteryx caudata Van Duzee. 
Scolopsella reticulata Ball. 

Crepusia glauca Metealf. 

Pelitropis rotulata Van Duzee. 
Neurotmeta sponsa Guerin. 
Phylloscelis atra Germar. 

Epiptera septentrionalis Provancher, face. 
Epiptera variegata Van Duzee, face. 
Epiptera opaca Say, face. 

Fitchiella melichari Ball. 
Bruchomorpha dorsata Fitch. 


PLATE 42 


Scolops sulcipes Say. 

Scolops perdix Uhler. 

Bruchomorpha suturalis Melichar. 
Bruchomorpha vittata Metcalf. 
Bruchomorpha rugosa Metealf. 
Bruchomorpha decorata Metealf. 
Aphelonema rugosa Ball. 

Aphelonema histrionica Stal. 

Misodema reticulata Uhler (after Melichar). 
Dictyonissus griphus Uhler (after Melichar). 
Traxus fulvus Metealf. 


PLATE 43 


Issus servillei Spinola. 

Picumna ovatipennis Walker. 
Issomorphus maculatus Melichar. 
Hysteropterum punctiferum Walker. 
Thionia simplex Germar. 

Catonia dimidata Van Duzee, face. 
Catonia impunctata Fitch, face. 
Catonia bicinctura Van Duzee, face. 
Catonia cinctifrons Fitch, face. 
Epiptera opaca Say. 

Catonia impunctata Fitch. 

Oliarus vittatus Metcalf. 

Oliarus cinnamomeus Provancher. 


PLATE 44 


Microledrida fulva Metealf. 
Ciocixius dorsivittatus Van Duzee. 
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Cixius apicalis Metealf. 

Cixius basalis Van Duzee. 

Bothriocera undata Fabricius, fore wing. 
Bothriocera drakei Metealf, fore wing. 
Bothriocera tinealis Burmeister, fore wing. 
Bothriocera westwoodi Stal, fore wing. 
Bothriocera bicornis Fabricius. 

Oeclidius nanus Van Duzee. 

Oecleus borealis Van Duzee. 

Anotia bonnetii Kirby. 

Anotia westwoodi Fitch. 

Anotia sayi Ball. 

Anotia kirkaldyi Ball. 


PLATE 45 


Mysidia mississippiensis Dozier. 
Neocenchrea heidemanni Ball. 
Phaciocephalus uhleri Ball. 
Herpis maculata Van Duzee. 
Stobera tricarinata Say. 
Copicerus irroratus Swartz. 
Bostera nasuta Ball. 

Bakerella maculata Crawford. 
Laceocera vittipennis Van Duzee. 
Saccharosydne saccharivorus Westwood. 
Stenocranus vittatus Stal. 
Phyllodinus nervatus Van’ Duzee. 
Phyllodinus flabellatus Ball. 


PLATE 46 


Macrotomella carinata Van Duzee. 
Criomorphus conspicuus Metealf. 
Liburniella ornata Say. 
Megamelus palaetus Van Duzee. 
Megamelus wstus Metealf. 

Kelisia axialis Van Duzee. 
Megamelanus dorsalis Metealf. 
Peregrinus maidis Ashmead. 
Liburnia slossoni Ball. 

Liburnia albolineosa Fowler. 
Liburnia teapea Fowler. 
Pissonotus quadripustulatus Van Duzee. 
Pissonotus aphidioides Van Duzee. 
Pissonotus dorsalis Van Duzee. 
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PLATE 47 


Acanalonia pumila Van Duzee. \ 
Myndus enotatus Van Duzee. 

Dictyophara microrhina Walker. 

Liburnia detecta Van Duzee. 

Megamelanus elongatus Ball. 

Megamelanus spartini Osborn. 


PLATE 48 


Acanalonia conica, dorsal view. 
Acanalonia conica, lateral view. 
Acanalonia pumila, dorsal view. 
Acanalonia fasciata, dorsal view. 
Acanalonia servillei, frontal view. 
Acanalonia bivittata, dorsal view. 
Acanalonia virescens, dorsal view. 
Acanalonia concinnula, dorsal view. 
Acanalonia immaculata, dorsal view. 
Acanalonia latifrons, dorsal view. 
Acanalonia servillei, lateral view. 
Aeanalonia servillei, dorsal view. 
Cyarda melichari, dorsal view. 
Cyarda melichari, frontal view. 
Cyarda walkeri, dorsal view. 

Cyarda acuminipennis, dorsal view. 
Rhynchopteryx caudata, dorsal view. 
Ormenis chloris, frontal view. 
Ormenis rufifascia, frontal view. 
Ormenis venusta, frontal view. 
Ormensis septentrionalis, frontal view. 
Flatoides maculosus, dorsal view. 
Flatoides fuscus, dorsal view. 
Flatoides tortrix, dorsal view. 
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Flatoides insularis, dorsal view. 
Flatoides punctatus, dorsal view. 
Flatoides consisus, dorsal view. 
Flatoides acutus, dorsal view. 
Flatoides signatus, dorsal view. 
Flatoides signatus, frontal view. 
Flatoides scabrosus, dorsal view. 
Flatoides secabrosus, frontal view. 
Scolopsella reticulata, dorsal view. 
Scolopsella reticulata, frontal view. 
Scolopsella reticulata, lateral view. 
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Amycle vernalis, dorsal view. 
Amycle vernalis, frontal view. 
Amycle vernalis, lateral view. 
Amycle saxatilis, dorsal view. 
Crepusia glauca, dorsal view. 
Crepusia glauca, frontal view. 
Cyrpoptus belfragei, dorsal view. 
Cyrpoptus belfragei, frontal view. 
Cyrpoptus belfragei, lateral view. 
Cyrpoptus reineckei, dorsal view. 
Cyrpoptus nubeculosus, dorsal view. 
Poblicia constellata, dorsal view. 
Poblicia constellata, frontal view. 
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Poblicia fuliginosa, dorsal view. 
Poblicia fuliginosa, frontal view. 
Poblicia fuliginosa, lateral view. 
Poblicia thanatophana, dorsal view. 
Poblicia thanatophana, frontal view. 
Pelitropis rotulata, dorsal view. 
Pelitropis rotulata, frontal view. 
Neurotmeta sponsa, dorsal view. 
Neurotmeta sponsa, frontal view. 
Monopsis tabida, frontal view (after Spinola) 
Phylloscelis atra, dorsal view. 
Phylloseelis atra, frontal view. 
Scolops sulcipes, dorsal view. 
Scolops osborni, dorsal view. 
Scolops parvulus, dorsal view. 
Scolops hesperius, dorsal view. 
Scolops grossus, dorsal view. 
Scolops grossus, frontal view. 
Scolops angustatus, dorsal view. 
Scolops angustatus, frontal view. 
Seolops perdix, dorsal view. 

Scolops viridis, dorsal view. 

Scolops desiccatus, dorsal view. 
Scolops robustus, dorsal view. 
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Scolops spureus, dorsal view. 

Scolops vanduzei, dorsal view. 
Scolops spurcus, lateral view. 
Dietyophara microrhina, dorsal view. 
Dietyophara microrhina, frontal view. 
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Dictyophara recurva, dorsal view. 
Dictyophara recurva, frontal view. 
Dictyophara recurva, lateral view. 
Dictyophara florens, dorsal view. 
Dictyophara lingula, dorsal view. 
Dictyophara lingula, frontal view. 
Fitchiella robertsoni, dorsal view. 
Dictyophara florens, frontal view. 
Fitchiella fitchi, dorsal view. 
Fitchiella melichari, dorsal view. 
Fitchiella melichari, lateral view. 
Bruchomorpha tristis, lateral view. 
Bruchomorpha minima, lateral view. 
Bruchomorpha dorsata, lateral view. 
Bruchomorpha oculata, dorsal view. 
Bruchomorpha oculata, lateral view. 
Bruchomorpha nasuta, dorsal view. 
Bruchomorpha nasuta, lateral view. 
Bruchomorpha suturalis, lateral view. 
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Bruchomorpha vittata, lateral view. 
Bruchomorpha pallidipes, lateral view. 
Bruchomorpha rugosa, lateral view. 
Bruchomorpha decorata, lateral view. 
Bruchomorpha bicolor, lateral view. 
Bruchomorpha jocosa, lateral view. 
Aphelonema rosa, dorsal view. 
Aphelonema rosa, frontal view. 
Aphelonema obscura, dorsal view. 
Aphelonema obscura, frontal view. 
Aphelonema simplex, dorsal view. 
Aphelonema simplex, frontal view. 
Aphelonema bivittata, dorsal view. 
Aphelonema bivittata, frontal view. 
Aphelonema rugosa, dorsal view. 
Aphelonema rugosa, frontal view. 
Aphelonema histrionica, dorsal view. 
Aphelonema histrionica, frontal view. 
Traxus fulvus, dorsal view. 

Traxus fulvus, frontal view. 

Issus servillei, dorsal view. 

Issus servillei, frontal view. 

Picumna ovatipennis, dorsal view. 
Picumna ovatipennis, frontal view. 
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Issomorphus maculatus, dorsal view. 
Issomorphus maculatus, frontal view. 
Hysteropterum punctiferum, dorsal view. 
Hysteropterum punctiferum, frontal view. 
Thionia simplex, dorsal view. 
Thionia simplex, frontal view. 
Thionia elliptica, dorsal view. 
Thionia elliptica, frontal view. 
Thionia producta, dorsal view. 
Thionia producta, frontal view. 
Thionia ocellata, dorsal view. 

Thionia quinquata, dorsal view. 
Thionia bullata, dorsal view. 

Thionia bullata, frontal view. 
Epiptera floride, dorsal view. 
Epiptera septentrionalis, dorsal view. 
Epiptera variegata, dorsal view. 
Epiptera slossoni, dorsal view. 
Epiptera pallida, dorsal view. 
Epiptera brittoni, dorsal view. 
Epiptera colorata, dorsal view. 
Epiptera opaca, dorsal view. 

Catonia grisea, dorsal view. 

Oliarus cinnamomeus, dorsal view. 
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Oliarus humilis, dorsal view. 
Oliarus montanus, dorsal view. 
Oliarus placitus, dorsal view. 
Oliarus difficilis, dorsal view. 
Oliarus franciscanus, dorsal view. 
Oliarus aridus, dorsal view. 

Oliarus quinquelineatus, dorsal view. 
Oliarus texanus, dorsal view. 

Oliarus vittatus, dorsal view. 
Oliarus viearius, dorsal view. 
Monorachis sordulentus, dorsal view. 
Monorachis sordulentus, frontal view. 
Microledrida fulva, dorsal view. 
Microledrida fulva, frontal view. 
Ciocixius dorsivittatus, dorsal view. 
Ciocixius dorsivittatus, frontal view. 
Cixius apicalis, dorsal view. 

Cixius apicalis, frontal view. 

Cixius cultus, dorsal view. 
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Cixius stigmatus, dorsal view. 
Cixius misellus, dorsal view. 
Cixius colepium, dorsal view. 
Cixius basalis, dorsal view. 
Cixius pini, dorsal view. 
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. Bothriocera bicornis, dorsal view. 


Bothriocera bicornis, frontal view. 
Bothriocera bicornis, lateral view. 
Oeclidius nanus, dorsal view. 
Oeclidius nanus, frontal view. 
Oecleus decens, dorsal view. 
Oecleus productus, dorsal view. 
Oecleus fulvidorsum, dorsal view. 
Oecleus lineatus, dorsal view. 


. Oecleus obtusus, dorsal view. 


Oecleus borealis, dorsal view. 
Oecleus borealis, frontal view. 
Myndus fulvus, dorsal view. 
Myndus slossoni, dorsal view. 
Myndus radicis, dorsal view. 
Myndus radicis, frontal view. 
Myndus enotatus, dorsal view. 
Myndus viridis, dorsal view. 
Myndus pusillus, dorsal view. 
Myndus pictifrons, dorsal view. 
Myndus truncatus, dorsal view. 
Myndus sordidipennis, dorsal view. 


. Myndus delicatus, dorsal view. 


Otiocerus degeerii, dorsal view. 
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Otiocerus degeerii, frontal view. 
Otiocerus degeerii, lateral view. 
Otiocerus abbotii, dorsal view. 
Otiocerus abbotii, lateral view. 
Otiocerus wolfii, dorsal view. 


. Otiocerus wolfii, lateral view. 


Otiocerus amyotii, dorsal view. 
Otiocerus amyotii, lateral view. 
Otiocerus signoretii, dorsal view. 
Otiocerus signoretii, lateral view. 
Otiocerus stollii, dorsal view. 
Otiocerus stollii, lateral view. 
Otiocerus schellenbergii, dorsal view. 


221 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


. 329. 
. 330. 
. 331, 
. 332. 
. 333. 
. 334, 
. 335. 
. 336. 
. 337. 
. 338. 
. 339. 


. 340. 
. 341. 
. 342, 
. 343. 
. 344, 
. B45. 
. 346. 
. 347. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


348. 
349. 
350. 
351. 
352. 
353. 
354, 
355. 
356. 
357. 
358. 
359, 
360. 
361. 
362, 
363. 
364. 


365. 
366. 
367. 


368. 


369. 


370. 


JOURNAL OF THE MITCHELL SOCIETY 


Otiocerus schellenbergii, lateral view. 
Otiocerus coquebertii, dorsal view. 
Otiocerus coquebertii, lateral view. 
Otiocerus kirbyii, dorsal view. 
Otiocerus kirbyii, lateral view. 
Euklastus harti, dorsal view. 
Euklastus harti, frontal view. 
Euklastus harti, lateral view. 
Amalopota fitchi, dorsal view. 
Amalopota fitchi, lateral view. 
Amalopota uhleri, dorsal view. 
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Amalopota uhleri, frontal view. 
Amalopota uhleri, lateral view. 
Anotia burnetii, dorsal view. 

Anotia burnetii, lateral view. 

Anotia bonnetii, dorsal view. 

Anotia bonnetii, frontal view. 
Anotia bonnetii, lateral view. 

Anotia robertsoni, dorsal view. 
Anotia robertsoni, lateral view. 
Anotia westwoodi, dorsal view. 
Anotia westwoodi, lateral view. 
Anotia sayi, dorsal view. 

Anotia sayi, lateral view. 

Anotia kirkaldyi, dorsal view. 

Anotia kirkaldyi, lateral view. 
Patara vanduzei, dorsal view. 

Patara vanduzei, frontal view. 
Patara vanduzei, lateral view. 
Mysidia mississippiensis, dorsal view. 
Neocenchrea heidemanni, dorsal view. 


Neocenchrea heidemanni, frontal view. 


Phaciocephalus fulvus, dorsal view. 
Phaciocephalus fulvus, frontal view. 
Phaciocephalus uhleri, dorsal view. 
Phaciocephalus uhleri, frontal view. 
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Herpis maculata, dorsal view. 
Herpis vulgaris, dorsal view. 
Herpis vulgaris, frontal view. 
Stobera pallida, dorsal view. 
Stobera pallida, frontal view. 
Stobera tricarinata, dorsal view. 
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Stobera tricarinata, frontal view. 
Stobera minuta, dorsal view. 

Stobera minuta, frontal view. 
Copiocerus irroratus, dorsal view. 
Copiocerus irroratus, frontal view. 
Pentagramma minore, dorsal view. 
Pentagramma minore, frontal view. 
Pentagramma vittatifrons, dorsal view. 
Pentagramma vittatifrons, frontal view. 
Bostera nasuta, dorsal view. 

Bostera nasuta, frontal view. 
Bakerella maculata, dorsal view. 
Bakerella maculata, frontal view. 
Laccocera vittipennis, dorsal view. 
Laceocera vittipennis, frontal view. 
Laccocera zonata, dorsal view. 
Phyllodinus nervatus, dorsal view. 
Phyllodinus nervatus, frontal view. 
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Macrotomella carinata, dorsal view. 
Macrotomella carinata, frontal view. 
Criomorphus conspicuus, dorsal view. 
Criomorphus conspicuus, frontal view. 
Liburniella ornata, dorsal view. 
Liburniella ornata, frontal view. 
Saccharosydne saccharivorus, dorsal view. 
Saccharosydne saccharivorus, frontal view. 
Saccharosydne saccharivorus, lateral view. 
Stenocranus similis, dorsal view. 
Stenocranus arundineus, dorsal view. 
Stenocranus arundineus, frontal view. 
Stenocranus felti, dorsal view. 
Stenocranus felti, frontal view. 
Stenocranus vittatus, dorsal view. 
Stenocranus dorsalis, dorsal view. 
Megamelus palaetus, dorsal view. 
Megamelus inflatus, dorsal view. 
Megamelus longicornis, dorsal view. 
Megamelus distinctus, dorsal view. 
Megamelus estus, dorsal view. 
Megamelus uncus, dorsal view. 
Megamelus uncus, lateral view. 
Megamelus anticostus, dorsal view. 
Megamelus angulatus, dorsal view. 
Megamelus davisi, dorsal view. 
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Prokelisia marginata, dorsal view. 
Prokelisia marginata, frontal view. 
Prokelisia marginata, lateral view. 
Prokelisia setigera, dorsal view. 
Prokelisia setigera, dorsal view. 
Kelisia axialis, dorsal view. 
Kelisia axialis, frontal view. 
Kelisia axialis, lateral view. 
Kelisia crocea, dorsal view. 

Kelisia parvula, dorsal view. 
Megamelanus terminalis, dorsal view. 


Megamelanus terminalis, lateral view. 
Megamelanus lautus, dorsal view. 
Megamelanus lautus, lateral view. 
Megamelanus elongatus, dorsal view. 
Megamelanus elongatus, frontal view. 
Megamelanus elongatus, lateral view. 
Megamelanus dorsalis, dorsal view. 
Megamelanus dorsalis, lateral view. 
Megamelanus spartini, dorsal view. 
Megamelanus spartini, lateral view. 
Peregrinus maidis, dorsal view. 
Peregrinus maidis, frontal view. 


Pissonotus 
Pissonotus 
Pissonotus 
Pissinotus 
Pissonotus 
Pissonotus 
Pissonotus 
Pissonotus 
Pissonotus 
Pissonotus 
Pissonotus 
Pissonotus 
Pissonotus 
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quadripustulatus, dorsal view. 
aphidioides, dorsal view. 
brunneus, dorsal view. 
dorsalis, dorsal view. 
ater, dorsal view. 
marginatus, dorsal view. 
pallipes, dorsal view. 
guttatus, dorsal view. 
basalis, dorsal view. 
delicatus, dorsal view. 
fulvus, dorsal view. 
nigridorsum, dorsal view. 
speciosus, dorsal view. 


Liburnia lutulenta, dorsal view. 
Liburnia lutulenta, frontal view. 
Liburnia campestris, dorsal view. 
Liburnia slossoni, dorsal view. 
Liburnia pellucida, dorsal view. 
Liburnia pellucida, frontal view. 
Liburnia albolineosa, dorsal view. 
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Liburnia albolineosa, frontal view. 
Liburnia teapea, dorsal view. 
Liburnia teapea, frontal view. 
Liburnia puella, dorsal view. 
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Acanalonia conica, antenne. 
Flatoides tortrix, antenne. 
Scolopsella reticulata, antenne. 
Amycle saxatilis, antenne. 
Crepusia glauca, antenne. 
Cyrpoptus belfragei, antenne. 
Poblicia fuliginosa, antenne. 
Pelitropis rotulata, antenne. 
Neurotmeta sponsa, antenne. 
Phylloscelis albovenosa, antenne. 
Scolops perdix, antenne. 
Dictyophara microrhina, antenne. 
Traxus fulvus, antenne. 

Epiptera variegata, antenne. 
Cixius colepium, antenne. 
Bothriocera bicornis, antenne. 
Otiocerus degeerii, antenne. 
Euklastus harti, antenne. 
Amalopota fitchi, antenne. 

Anotia westwoodi, antenne. 
Anotia sayi antenne. 

Patara vanduzei, antenne. 
Mysidia mississippiensis, antenne. 
Neocenchrea heidemanni, antenne. 
Herpis incisa, antenne. 

Stobera pallida, antenne. 
Copiocerus irroratus, antenne. 
Pentagramma vittatifrons, antenne. 
Bostera nasuta, antenne. 
Bakerella maculata, antenne. 
Laccocera vittipennis, antenne. 
Saccharosydne saccharivorus, antenne. 
Stenocranus similis, antenne. 
Stenocranus vittatus, antenne. 
Liburnia gerhardi, antenne. 
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Acanalonia latifrons, wing. 
Ormenis venusta, wing. 
Ormenis septentrionalis, wing. 
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Ormenis relicta, wing. 
Cyrpoptus belfragei, wing. 
Cyrpoptus reinecki, wing. 
Poblicia fuliginosa, fore wing. 
Poblicia fuliginosa, hind wing. 
Pelitropis rotulata, wing. 
Neurotmeta sponsa, wing. 
Monopsis tabida, wing (after Spinola). 
Scolops perdix, wing. 
Dictyophara dioxys, wing. 
Dictyophara microrhina, wing. 
Bruchomorpha oculata, wing. 
Issus servillei, wing. 
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Picumna ovatipennis, wing. 
Issomorphus maculatus, wing. 
Thionia bullata, wing. 
Epiptera opaca, wing. 
Oecleus borealis, wing. 
Myndus pictifrons, wing. 
Otiocerus degeerii, wing. 
Euklastus harti, wing. 

Anotia bonnetii, wing. 
Patara vanduzei, wing. 
Neocenchrea heidemanni, wing. 
Phaciocephalus uhleri, wing. 
Herpis vulgaris, wing. 


. Liburniella ornata, wing. 


Saccharosydne saccharivorus, wing. 
Stenocranus vittatus, wing. 
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Cyrpoptus belfragei, hind legs. 
Phylloscellis atra, fore legs. 
Fitchiella melichari, fore legs. 
Traxus fulvus, hind legs. 

Issus servillei, hind legs. 

Picumna ovatipennis, hind legs. 
Issomorphus maculatus, hind legs. 
Hysteropterum punctiferum, hind legs. 
Thionia simplex, hind legs. 
Oliarius quinquelineatus, hind legs. 
Myndus radicis, hind legs. 

Stobera pallida, hind legs. 
Copiocerus irroratus, hind legs. 
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Pentagramma vittatifrons, hind legs. 
Bostera nasuta, hind legs. 

Bakerella maculata, hind legs. 
Laccocera vittipennis, hind legs. 
Phyllodinus nervatus, fore legs. 


. Phyllodinus nervatus, hind legs. 
. Macrotomella carinata, hind legs. 


Criomorphus conspicuus, hind legs. 
Liburniella ornata, hind legs. 
Saccharosydne saccharivorus, hind legs. 
Stenocranus arundineus, hind legs. 
Prokelisia setigera, hind legs. 


. Kelisia axialis, hind legs. 
. Megamelanus terminalis, hind legs. 
. Pissonotus quadripustulatus, hind legs. 


Liburnia shermani, hind legs. 
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Acanalonia fasciata, female genitalia. 
Acanalonia bivittata, female genitalia. 


. Dietyophara microrhina, female genitalia. 


Dietyophara, recurva, female genitalia. 
Dictyophara florens, female genitalia. 
Dictyophara lingula, female genitalia. 
Oliarus cinnamomeus, male genitalia. 
Oliarus humilis, male genitalia. 

Oliarus montanus, male genitalia. 
Oliarus placitus, male genitalia. 
Oliarus difficilis, male genitalia. 
Oliarus franciscanus, male genitalia. 
Oliarus aridus, male genitalia. 

Oliarus quinquelineatus, male genitalia. 


. Oliarus texanus, male genitalia. 


Oliarus vittatus, male genitalia. 
Oliarus vitreus, male genitalia. 


Oliarus vicarius, male genitalia. 


. Microledrida fulva, male genitalia. 


Microledrida asperta, male genitalia. 
Cixius apicalis, male genitalia. 
Cixius stigmatus, male genitalia. 
Cixius misellus, male genitalia. 
Cixius colepium, male genitalia. 
Cixius basalis, male genitalia. 
Cixius pini, male genitalia. 
Bothriocera undata, male genitalia. 


. Bothriocera drakei, male genitalia. 
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Bothriocera tinealis, male genitalia. 


. Oecleus decens, male genitalia. 


Oecleus productus, male genitalia. 


. Oecleus fulvidorsum, male genitalia. 
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Oecleus lineatus, male genitalia. 
Oecleus obtusus, male genitalia. 
Oecleus borealis, male genitalia. 


. Myndus fulvus, male genitalia. 


Myndus slossoni, male genitalia. 
Myndus radicis, male genitalia. 
Myndus enotatus, male genitalia. 
Myndus viridis, male genitalia. 
Myndus pusillus, male genitalia. 
Myndus pictifrons, male genitalia. 
Myndus truncatus, male genitalia. 
Myndus sordidipennis, male genitalia. 
Myndus delicatus, male genitalia. 
Otiocerus degeerii, male genitalia. 
Otiocerus abbotii, male genitalia. 
Otiocerus amyotii, male genitalia. 
Otiocerus coquebertii, male genitalia. 
Amalopota uhleri, male genitalia. 
Anotia burnetii, male genitalia. 
Anotia bonnetii, male genitalia. 
Anotia westwoodi, male genitalia. 
Anotia sayi, male genitalia. 

Anotia kirkaldyi, male genitalia. 
Neocenchrea heidemanni, male genitalia. 
Phaciocephalus fulvus, male genitalia. 
Phaciocephalus uhleri, male genitalia. 
Herpis maculata, male genitalia. 
Herpis edentula, male genitalia. 
Herpis vulgaris, male genitalia. 
Herpis incisa, male genitalia. 

Herpis australis, male genitalia. 
Herpis obscura, male genitalia. 
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Stobera pallida, male genitalia. 
Stobera concinna, male genitalia. 
Stobera tricarinata, male genitalia. 
Stobera minuta, male genitalia. 
Copiocerus irroratus, male genitalia. 
Pentagramma minore, male genitalia. 
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Pentagramma vittatifrons, male genitalia. 
Bostxra nasuta, male genitalia. 

Bakerella maculata, male genitalia. 
Laccocera vittipennis, male genitalia. 
Lacecocera zonata, male genitalia. 


Phyllodinus 
Phyllodinus 


nervatus, male genitalia. 
flabellatus, male genitalia. 


Criomorphus conspicuus, male genitalia. 


Liburniella 


ornata, male genitalia. 


Saccharosydne saccharivorus, male genitalia. 


Stenocranus 
Stenocranus 
Stenocranus 
Stenocranus 
Stenocranus 
Stenocranus 
Stenocranus 
Megamelus 
Megamelus 
Megamelus 
Megamelus 
Megamelus 
Megamelus 
Megamelus 
Megamelus 
Megamelus 


Megamelus 
Megamelus 


similis, male genitalia. 
similis, female genitalia. 
arundineus, male genitalia. 
arundineus, female genitalia. 
vittatus, male genitalia. 
dorsalis, male genitalia. 
dorsalis, female genitalia. 
palaetus, male genitalia. 
inflatus, male genitalia. 


longicornis, male genitalia (after Dozier). 
notulus, male genitalia (after Crawford). 


distinctus, male genitalia. 
estus, male genitalia. 
uncus, male genitalia. 
anticostus, male genitalia. 
angulatus, male genitalia. 
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davisi, male genitalia. 
piceus, male genitalia. 


Prokelisia marginata, male genitalia. 


Prokelisia s 


etigera, male genitalia. 


Kelisia axialis, male genitalia. 

Kelisia crocea, male genitalia. 

Kelisia parvula, male genitalia. 
Megamelanus terminalis, male genitalia. 
Megamelanus lautus, male genitalia. 
Megamelanus elongatus, male genitalia. 
Megamelanus dorsalis, male genitalia. 
Megamelanus spartini, male genitalia. 


Peregrinus 


maidis, male genitalia. 


Pissonotus quadripustulatus, male genitalia. 
Pissonotus aphidioides, male genitalia. 
Pissonotus brunneus, male genitalia. 
Pissonotus dorsalis, male genitalia. 
Pissonotus ater, male genitalia. 
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Pissonotus marginatus, male genitalia. 
Pissonotus pallipes, male genitalia. 
Pissonotus crawfordi, male genitalia. 
Pissonotus guttatus, male genitalia. 
Pissonotus basalis, male genitalia. 
Pissonotus delicatus, male genitalia. 
Pissonotus fulvus, male genitalia. 
Pissonotus nigridorsum, male genitalia. 
Pissonotus speciosus, male genitalia. 
Liburnia lutulenta, male genitalia. 
Liburnia obscurella, male genitalia (after Melichar). 
Liburnia analis, male genitalia. 
Liburnia campestris, male genitalia. 
Liburnia rotundata, male genitalia. 
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Liburnia shermani, male genitalia. 
Liburnia occlusa, male genitalia. 
Liburnia nigridorsum, male genitalia. 
Liburnia slossoni, male genitalia. 
Liburnia foveata, male genitalia. 
Liburnia constricta, male genitalia (after Crawford). 
Liburnia osborni, male genitalia. 
Liburnia gillettei, male genitalia. 
Liburnia lineatipes, male genitalia. 
Liburnia pellucida, male genitalia. 
Liburnia consimilis, male genitalia. 
Liburnia kilmani, male genitalia. 
Liburnia waldeni, male genitalia. 
Liburnia basivitta, male genitalia. 
Liburnia magnistyla, male genitalia. 
Liburnia albolineosa, male genitalia. 
Liburnia triloba, male genitalia. 
Liburnia gerhardi, male genitalia. 
Liburnia alexanderi, male genitalia. 
Liburnia fulvidorsum, male genitalia. 
Liburnia staminata, male genitalia. 
Liburnia humilis, male genitalia. 
Liburnia detecta, male genitalia. 
Liburnia unda, male genitalia, 
Liburnia tuckeri, male genitalia. 
Liburnia lateralis, male genitalia. 
Liburnia teapea, male genitalia. 
Liburnia vanduzeei, male genitalia (after Crawford). 
Liburnia laminalis, male genitalia. 
Liburnia puella, male genitalia. 
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THE GASTEROMYCETES OF NORTH CAROLINA 
By W. C. Coker and J. N. CoucH 


The Gasteromycetes include a large and varied order of fungi 
that are characterized by having the hymenium or spore-bearing sur- 
face enclosed within a protective coat or coats (volva or peridium) 
until the spores are ripe, when they are lhberated in a powder or 
slime by the rupture or decay of the coat.* Included in the order 
are many well known plants that attract the attention by their in- 
teresting characters. Such are the puff-balls, earth stars, bird’s-nest 
fungi and stinkhorns. A number are of subterranean growth and 
never become exposed; others are found just below the surface but 
become visible on expanding at maturity, others again are quite 
superficial and visible in youth. It is highly probable that many 
subterranean species will be unearthed in this state as soon as a careful 
search is made for them. The edible truffle which grows underground 
is not a member of this group, but an Ascomycete. The puff-balls 
when white inside (before the spores begin to ripen) are among the 
best of edible fungi. . 

In preparing this paper we have been assisted by other members 
of the botanical staff. All written matter and nearly all the photo- 
graphs are by the senior author, and all microscopical preparations 
used have been carefully examined and compared by him with the 
drawings made from them. Most of the drawings (which will appear 
in the following issue of the JourNAL) have been made by Mr. Couch 
and inked in by Miss Alma Holland. Some microscopic work done 
by Mr. Curtis Vogler, a former instructor in this laboratory, has also 
been utilized. Mr. H. R. Totten has developed and printed most of 
the photographs. Mr. H. C. Beardslee has been so kind as to send us 
material from Asheville, which has enabled us to include two species 
that we had not found. All photographs are natural size unless other- 
wise stated. 


*In the peculiar genus Gautieria there is in most species no peridium at maturity, 
the chambers of the gleba opening directly on the surface. It is a small tuberous plant 
growing hidden in humus or earth, and theretore rarely found. It has been reported in 
this country from New York, California and Idaho and is to be expected in our state. See 
Zeller and Dodge, Ann. Mo. Bot. Gard. 5: 113. 1918; \Zeller, Mycologia 14: 196. 1922; At- 
kinson, Bot. Gaz. 5: 538. 1912: and Fitzpatrick, 1. ¢., p. 135. 
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IMPORTANT LITERATURE* 
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autres genres voisins. Ann. Sci. Nat., 2nd ser., 12: 160, pl. 2. 1839. 

Bigeard. Flora des Champignons 2: 513, pls. 36, 37, and pl. 38, fig. 1. 1913. 

Corda. Icon. Fung. 5: 22, 70, pls. 4, 6, 7 and pl. 8, fig. 51. 1842. 

Fischer in Engler and Prantl. Pflanzenfamilien 1, pt. 1: 276, figs. 126-182. 1900. 

Fitzpatrick. A comparative study of the development of the fruit body in 
Phallogaster, Hysterangium, and Gautieria. Ann. Mye. 11: 119, pls. 4-7. 1913. 

Fries, Rob. E. Einige Gasteromyceten aus Bolivia und Argentinien. Arkiv For 
Botanik 8, No. 11: 1, pls. 1-4. 1909. 

Harkness. Californian Hypogeous Fungi. Proc. Cal. Acad. Sei., 3rd. ser., 1: 
241, pls. 42-45. 1899. 

Harvey. Contributions to the Gasteromycetes of Maine. Bull. Torr. Bot. Club 
24: 71. 1897. 

Hesse. Mikroscopische Unterscheidungsmerkmale der typischen Lycoperdaceen- 
genera. Jahrb. Wiss. Bot. 10: 383, pl. 28. 1876. 

Hesse. Die Hypogaeen Deutschlands. 1890. 

Hollos. Die Gasteromyceten Ungarns. Leipzig, 1904. 

Kauffman. Outline of the Gasteromycetes of Michigan. Rept. Mich. Acad. Sci. 
10: 70. 1908. 

Lloyd. Myce. Notes Nos. 7-9, figs. 30-56. 1901-2. 

Lloyd. The Genera of Gastromycetes, figs. 1-14 and pls. 1-11. Cincinnati, 1902. 

Lloyd. The Curtis Collection. Myc. Notes No. 15: 152. 1903. 

Lloyd. The Lycoperdacee of Australia, etc., pls. 25-39 and figs. 1-49. 1905. 

Lloyd. Sur Quelques Rares Gastéromycétes Européen. Myc. Notes No. 22: 261, 
figs. 98-111 and pls. 28, 35, 72, 87-89. 1906. 

Massee. A Monograph of the British Gastromyeetes. Ann. Bot. 4: 1, pls. 1-4. 
1889. 

Morgan. Gastromycetes. Journ. Cin. Soc. Nat. Hist. 11: 141, pl. 3. 1889; 
12: 8, pls. 1, 2. 1889; 12: 163, pl. 16. 1890; 14: 5, pls. 1, 2. 1891; 14: 141, 
pl. 5. 1892. 

Rea. British Basidiomycete, p. 21. 1922. 

Saccardo. Sylloge Fungorum 7: 1, 469. 1888; 9: 262. 1891; 11: 152. 1895; 
14; 254. 1899; 16: 224. 1902. 

Schroeter. In Cohn’s Kryptogamen Flora von Schlesien 3, pt. 1: 689. 1888. 

Trelease. Morels and Puff-balls of Madison. Trans. Wise. Acad. Sei. Arts and 
Letters 7: 105, pls. 7-9. 1888. 

Tulasne, L, R. and Ch. De la fructification des Scleroderma, comparé a celle des 
Lycoperdon et des Bovista. Ann. Sci. Nat., 2nd. ser., 17: 5, 1842. 

Tulasne, L. R. and Ch. Champignons hypogés de la famille des Lycoperdacées. 
Ann, Sci. Nat., 2nd. ser., 19: 373. 1843. 

Tulasne, L. R. and Ch. Fungi nonulli hypogei, novi vel minus cogniti. Parla- 
tore, Giorn. Bot., 2: 55. 1844. 


* References to other less comprehensive literature will be found under the families, 
genera and species. 
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Tulasne, L. R. Fungi Hypogei. Histoire . et monographie des champignons 
Hypogés. Paris, 1851. : 

Vittadini. Monographia Tuberacearum. Mediolani, 1831. 

Vittadini. Monographia Lycoperdineorum. Mem. Accad., Torino, 5: 145, pls. 1-3. 
1843. 

Vittadini. Monographia Lycoperdineorum, Ann. Sci. Nat., 2nd. ser., 19: 277. 
1843. 

Winter. Gasteromycetes. In Rabenhorst’s Krypt.-Fl. Deutsch. 1, Abtl. 1: 864. 
1884. 

Zopf. Die Pilze, p. 362. 1890. 


Key To THE FAMILIES 


Plants emerging at maturity from a soft volva or ‘‘egg;’’ the spores borne in a 
slimy, brown, bad-smelling liquid at the top of a stalk or net or several 
Gul Sy be econo aa todob 6 dU DBO O05 6 Un COU UCOtID CONDI CII EOS Orc Phalloidee 

Not as above 
Plants with a distinct firm or gelatinous stalk which carries the spore-bearing 

sac, the latter in our representatives having a distinct apical mouth through 
which the spores escape as a dry powder. 
Stalk firm and fibrous; mouth not red...........-..--- Tylostomacee 
Stalk gelatinous; mouth red............s+eee eee eeeees Calostomacee 
Plants without a distinct, terete or gelatinous stalk; if a stalk is present it is 
thick and expands gradually into the swollen spore-bearing part above. 
Plants small, shaped like cups or tumblers or subspherical, at maturity 
opening in most of the species over the entire top by the collapse of 
a veil (or rarely by the crumbling of the peridium) to expose a 
number of small peridioles with hard coats which contain the spores, 
the whole looking like a little nest containing eggs. In one genus 
of minute plants an outer peridium opens and an inner peridium 
evaginates itself with a snap and throws out for some distance a 
single, minute, black peridiole......-----++++++++++- Nidulariacee 
Not as above 
Peridium without a distinct outer layer that falls away or 
splits; at maturity opening at the top by irregular lobes, or 
by an irregular tear, or by crumbling or rotting away. Elon- 
gated threads (capillitium) not present among the spores. 
Gleba not formed of hollow chambers, but of sterile 
plates cutting out irregular blocks which are stuffed 
with the fertile tissue; at maturity crumbling into a 
dusty powder. .......-seeeeeeeeeees Sclerodermatacee 
Gleba formed of hollow chambers (at least when young) 
which are lined with the hymenium, 
Peridium rotting away after maturity, the gleba 
(at least in species we are treating) turning into 
a slimy mass...........+---- Hymenogastracee 
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Peridium crumbling away after maturity, the glebal 
chambers remaining intact and falling apart as 
fine sand-like particles........ Genus Arachnion 

Peridium with a distinct outer coat which falls away in flakes 
or wears away by degrees at maturity, or dehisces equatori- 
ally, or (in Geaster and Astreus) splits into star-like rays to 
expose the thin, pliable or (in Calvatia) fragile and brittle 
inner peridium; gleba (except in Astrewus and Disciseda) 
composed of small, hollow chambers lined with the hymenium; 
spores mixed with a true capillitium of long, slender, branched 
or unbranched threads, and escaping as dust through a 
definite (except in Calvatia) pore or slit. (In several small 
species of Lycoperdon the outer peridium is very thin, obscure 
and persistent, and in Myriostoma there are several pores) 

Lycoperdacee 
FAMILY PHALLOIDEZ# 


Plants consisting at first of a white, elastic, oval or subspherical 
‘‘eeo,’’ which consists of three coats, the central one soft and gelatin- 
ous, which break at maturity to allow the elongation and exposure 
of the curious, spongy, and in some species brightly colored recep- 
taculum of various shapes which bears above either on itself or on a 
specialized appendage the slimy, deliquescing gleba which contains the 
minute, smooth spores, and which in nearly all cases has a very strong 
and offensive odor by which insects are attracted to scatter the spores.* 

The family is divided into two subfamilies or by some authors 
(as Corda) into two distinct families which are separated by the po- 
sition of the gleba and by other important microscopical characters. 
These subfamilies may be simply defined as follows: 


Gleba (and spore slime) borne on the inner side of the 
TeGePtACULUNMD..... ar aks hw bse a eases ci ea ee Clathree 
Gleba borne on the outer surface of the receptaculum..... Phallew 


In addition to the genera treated by us there has been found of 
the true phalloids in the United States only Anthurus borealis (see 
Burt, 1. ¢., 1849, and Lloyd, Mye. Notes No. 17: 183. 1904), which is 
placed in Lysurus by Lloyd, and an undetermined species of Lysurus 
from Texas (Lloyd, Phalloids, p. 40; Gerard, 1. ¢., p. 30). The unique 
genus Phallogaster, placed by Morgan, its author (1. ¢., 15: 171, pl. 
11. 1892), and by Thaxter (Bot. Gaz. 18: 117, pl. 19. 1893) in the 
Phalloidew, but differing from them in the absence of a volva and in 


* Drawings of spores in species of this family will appear on a plate to be published in 
the continuation of this paper. 
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other ways, and treated by Fischer in the Hysterangiacee (1. ¢., Pflan- 
zenfamilien, p. 307), is known only from the United States and Can- 
ada (see also Lloyd, Known Phalloids, p. 71, figs. 93 and 94). 

As the number of our species of Phalloids is small, we key all of 
them here under the family, and for the convenience of students we 
include all deseribed species from the United States. 


IMPORTANT LITERATURE 


Atkinson. Origin and Taxonomic Value of the Veil in Dictyophora and Ithy- 
phallus. Bot. Gaz. 51: 1, pls. 1-7 and one text fig. 1911. 

Burt. The Phalloidee of the U. S. I. Bot. Gaz. 22: 273, pls. 11 and 12. 1896. 

Burt. The Phalloidee of the U. S. Il. Bot. Gaz. 22: 379. 1896. 

Burt. The Phalloidee of the U. S. III. Bot. Gaz. 24: 73. 1897. 

Burt. A North American Anthurus. Mem. Boston Soc. Nat. Hist. 3, No. 14. 
1894. 

Gorda.” 2. ¢.,°5> 70, pl: 6, dig. 49, pl. 7, and pl. 8, fig. 51. 

Fischer. Beitrage zur Morphologie und Systematik der Phalloideen. Ann. Mye. 
8: 314, pl. 5. 1910. 

Fischer. Unters. z. vergleichenden Entwicklungschichte u. Systematik d. Phal- 
loideen. Denkschriften d. Schweiz. Naturforschenden Gesellschaft 36: 2. 1900. 

Gerard. Additions to the U. S. Phalloidei. Bull. Torr. Bot. Club. 7: 29. 1880. 

Gerard. Correlation between the Odor of Phalloids and their Relative Frequency. 
As above, p. 30. 

Lloyd. The Phalloids of Australasia, figs. 1-25. Cincinnati, 1907. 

Lloyd. Concerning the Phalloids. Myc. Notes No. 24: 293, figs. 181-135 and pls. 
91-93. 1906; No. 26: 325, figs. 160-163 and pls. 112-121. 1907; Nos. 28-30: 
349, figs. 167-223. 1907-08. 

Lloyd. The Phalloids of Japan. Myc. Notes No. 31: 400, figs. 236-242. 1908. 

Lloyd. Synopsis of the Known Phalloids, figs. 1-107. Cincinnati, 1909. 

Long. The Phalloids of Texas. Journ. Myce. 13: 102, pls. 102-106. 1907. 

Schroeter. In Cohn’s Krypt.-Fl. Schlesien 3, pt. 1: 687. 1889. 

For other literature see p. 94 and Fischer as cited there. 


Kery To THE PHALLOIDS OF THE UNITED STATES* 


= CLATHREZ 
Receptaculum composed of a stout, netted globe............ Clathrus cancellatus 
Receptaculum composed of two to five stout columns fused only above 
Clathrus columnatus 
Receptaculum composed of a single distinct stalk bearing a subglobose, netted, 
spore-bearing part on the end; red above.......... Simblum spherocephalum 
Receptaculum as above, but color yellow all over.........-..-- Simblum texense 
Receptaculum stalked as in Simblum, but the apical spore-bearing part composed 
of several (usually six) short, hollow arms, incurved and meeting above at 


* North Carolina species are given in italics. 


236 JOURNAL OF THE MITCHELL SOCIETY | May 


first and enclosing the gleba; stalk white................. Anthurus borealis 
As above, but gleba borne on outer surfaces of the arms............ Lysurus sp. 
PHALLEZ 


Gleba (and spore slime) borne on the upper part of the stalk itself 
Stalk 10-17 em. long, tapering gradually from the center upward to a rounded 
point; spores 4-74 long.......c eee eee reer e eer eeeeans Mutinus Curtisii 
Stalk 6-8 em. long, nearly cylindrical except for the tapering base (at times), 
the tip rather abruptly rounded and the spore-bearing part more or less 
sharply delimited from the sterile part; spores 3.7-4.8u4 long. 
Mutinus Ravenelii 
(ané M. eaninus, if that is different) 
Gleba borne on a pendent cap hanging from the stem tip 
An obvious netted veil absent 
Stalks cwarbery mw ibe .s. ico toi: «ae burs oceteptete yeast heats hele Ithyphallus Ravenelit 
Stalk Tegaaishnn min ok tls ec ee _. Ithyphallus rubicundus 
(reported from N. C. by Curtis) 
An obvious netted veil-like indusium pendent from the stem apex and exposed 
for some distance below the cap.........-....... Dictyophora duplicata 


ANOMALOUS 


Volva absent; plant until mature looking like a long-stemmed puff-ball, but open- 
ing by holes and flaps to expose the green, slimy masses of gleba inside 
é Phallogaster saccatus 


CLATHRUS 


Receptaculum without a single distinct stem, but composed of an 
inflated hollow network or of several curved columns meeting and 
fused above; in all cases having the spore-bearing gleba attached to 
the inner side above as a slimy mass. Odor offensive. Only a few 
species are known and but two have been found in the United States. 

For literature see under the family. 


Clathrus columnatus Bose 
Laternea columnata Nees 


PuLaTE 71 


Eggs subspherical, about 2.5 em. thick, bursting above into several 
flaps to allow the expansion of the receptacle which consists of 2-5 (in 
our plants 4-5) stout, spongy, curved and very delicate columns with 
separate, pointed, basal ends which remain in the volva, the distal 
ends ineurved and completely fused into a flat roof from which hangs 
within the dark slimy mass of the spore-bearing gleba. Color of the 
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receptacle rosy red, the base pale to colorless; volva watery white, 
attached at base by a cord-like root. Odor about that of a stink horn, 
strong and fetid. 


Spores (of No. 4949) smooth, elliptic, minute, 1.8-2.4 x 3.7-4.8n. 


This plant seems to be entirely southern in its range (but see 
Saccardo’s Sylloge 7, part 1, p. 10) and our collections have come 
from the subtropical southeast corner of our state, where Sabal Pal- 
metto grows, and from coastal South Carolina. It is said to be com- 
mon in Florida, and Curtis reports it as occurring in the lower and 
middle districts of North Carolina in sandy woods. It was originally 
described from South Carolina and is also known from the Gulf States. 
An interesting anomaly is shown by one of our plants (pl. 71). There 
is a natural perforation on one side at the top just about the center of 
one of the columns, exactly like the more numerous perforations in 
C. cancellatus and in Simblum. For development and microscopie de- 
tail see Burt, Bot. Gaz. 22: 273, pls. 21 and 22. 1896. The beautiful 
species, C. cancellatus, has been found a few times in the United States 
and should be looked for. It has been reported from Georgia 
(Schweinitz, Syn. Fung. Car. No. 557, as C. ruber) and from Florida 
(Lloyd, Mye. Notes No. 24: 296). 


Illustrations: Bose. Mag. der Gesell. naturforschender Freunde Berlin 5: pl. 5, 

fig. 5. 1811. 

Burt. As above. 

Fischer. Pflanzenfamilien 1, pt. 1: fig. 120 B. 

Lloyd. Myc. Works, pl. 92. 

Lloyd. Myc. Notes No. 26: fig. 162. 

Lloyd. Phalloids of Australia, fig. 20. 

Smith’s Island. Couch and Grant, No. 4949. In a sandy road, December 
29, 1921. 

Georgetown, South Carolina. Coker, No. 6013. In sandy soil near Silver Hill 
Farm, December 29, 1922. 


SIMBLUM 


Receptaculum formed of a distinct, hollow, delicate stalk which is 
transformed above into a somewhat larger inflated network which 
bears the gleba slime on the inside. Volva watery white; receptacu- 
lum bright colored, red (in our species) or yellow, rarely whitish; 
odor offensive. 


__ Only a few species are known and only two are North American. 
For literature see under the family. 
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Simblum spherocephalum Schlecht 
Simblum rubescens Gerard 


PuatTes 72 AND 73 


Stalk long, elub-shaped, hollow, spongy, tapering downward to a 
narrow attachment in the bottom of the large, white, toughish, in- 
flated volva; terminated above by the subglobose structure of thick. 
anastomosing strands that holds the dark slime containing the spores. 
Color bright red above, fading to pale below; odor strong and re- 
pulsive. The entire plant is about 7-9 em. high and the stalk about 
1-1.6 em. thick above, its honeycombed wall 3-4 mm. thick near the 
top and only 1 mm. thick below. 

Spores (of No. 1427) elliptic, smooth, 14-2 x 3.7-4.4y. 

This is a rare plant in the United States and has not been reported 
before from North Carolina (for distribution see Lloyd’s Mye. Notes 
No. 19: 220. 1905). It is said to be common in South America. The only 
other North American species is S. terense which differs from the 
present one in its yellow color and longer spores, which are 3x 7p 
(see Long, |. ¢., p. 112, pl. 106, fig. 11). 

Our plate 73 shows an abnormal variation of two plants spring- 
ing from one volva and fused at their tips. This is apparently of not 
rare occurrence as a similar example is shown in Lloyd’s Mye. Notes 
No. 24, fig. 133, from a photograph of a Brazilian plant by Rick, and 
another such is illustrated by Gerard in his plate 2 (as cited below). 


Illustrations: Gerard. Bull. Torr. Bot. Club 7: 8, pls. 1 and 2. 1880. 
Tone, rites pl. LOG. tie. Ge 
1426. In apple orchard, October 26, 1914. 
1427. In grass on campus, fall of 1902. A large number of plants. 
5910. On ground in pasture, November 20, 1922. 
5917. On ground in pasture by branch, November 22, 1922. Several plants. 


MUTINUS 


Receptaculum formed of a distinct, delicate, hollow stalk as in 
Simblum, but differing in the spore slime being borne on the outside 
of the upper part of the stalk itself, which is smooth and more or less 
pointed, the tip often perforated. Color rosy red above (under and 
below the deep olive slime), fading downward. Volva soon collapsing 
against the base of the stalk. 

For literature see under the family and species. 
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PLATE 73 


SIMBLUM SPHAEROCEPHALUM. No. 1426. 
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Mutinus Ravenelii (B. & C.) E. Fischer 


Puates 71 anv 74 


Plants about 6-8 em. high, the ample volva 2.5-3.5 em. long; stalk 
up to 1.3 em. thick in center and typically tapering a little downward, 
again nearly cylindrical, the spore-bearing part about 2-2.5 em. of the 
apex, more or less abruptly marked off from the sterile part by the 
narrower, radially elongated, definitely one-layered compartments of 
the wall. Color bright rosy red above (under and below the slime), 
fading downwards; apex with or without a small opening; odor strong 
and offensive. Wall of the stalk about 3 mm. thick in center and 1.5 
mm. thick near base; that of the spore-bearing part about 2 mm. thick 
below. and 1 mm. thick above; walls of the stalk compartments 55-75u 
thick, with 3-4 layers of cells, those of the spore-bearing part 90- Be 
thick, with about 5-7 layers of cells. 

Spores (of No. 741) smooth, ellipitic, 1.6-2.2 x 3.7-4.8n. 

This is more common with us than M. Curtis. For treatment of 
its development see Burt in Ann. Bot. 10: 348, pls. 17, 18. 1896; see 
also Bambeke, Mém. Acad. Roy. Belgique, 2nd. ser., 2: 1. 1910. 
Lloyd considers M. Ravenelu as different from M. caninus, both occur- 
ring in the eastern United States (Mye. Notes No. 24: 300; No. 26: 
325; Syn. Known Phal., p. 28). Burt considers the two species the 
same (l. ¢., p. 344). Lloyd would probably consider the left hand 
plant on our pl. 74 as MW. caninus, the two right hand plants as M. 
Ravenelu. We cannot find any important difference in structure 
among the forms we have collected. Mutinus caninus is common in 
Europe. 


Illustrations: Lloyd. Mye. Notes No. 24, fig. 135; No. 28, fig. 183. 
Marshall. Mushroom Book, pl. opposite p. 136 (as M. caninus). 
For illustrations of the European M. caninus see: 
Fischer. 1. ¢., fig. 142 A-E. 
Hollos. I. ¢:; ple 1) figs. 3-11. 
ong We pl 104, fie. 9: 
Sowerby. Engl. Fungi, pl. 330. 


22a. By stone wall near Battle’s Park, October 24, 1902. Spores 1.4-2 x 3.7-4.4u. 
24a. Old Chapel Hill collection without label. Spores smooth, 1.6-2.2 x 3.7-4.8u. 
741. On ground near stream, September 12, 1913. 
1312. Near brook just above Meeting of the Waters, September 17, 1913. Spores 
1.2-2.2 x 3.7-4.6u. 
1729. In low place by branch, September 10, 1915. 
1925. In grass in front of Davie Hall, October 25, 1915. Spores 1.6-2.2 x 3.7-4.8u. 
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Mutinus Curtisii (Berk.) E. Fischer 
M. bovinus Morgan 
M. elegans Mont. 


Puates 75 anD 76 


Plant about 10-17 em. high, the white volva at first spherical then 
elongating and on rupturing at the apex collapsing against the stalk 
which is almost cylindrical for the first third and up to 2.5 em. thick, 
then tapers gradually upward to the blunt point; spore-bearing 
(slimy) part composing about 3-5 em. of the apical end, similar in 
superficial appearance to the rest of the stem except for the slime; 
color bright rosy red under and below the slime, gradually fading to 
watery white or flesh color below; apex perforated by a small open- 
ing; volva rooted by a strong cord; odor of the brownish slime very 
strong and offensive. 

Spores (of No. 5113) smooth, elliptic, 2-3x4-7p. Wall of the 
very hollow stem about 2-38 mm. thick and composed of one or two 
layers of small thin-walled chambers which are irregularly isodiamet- 
rical below and change gradually to radially elongated and definitely 
to a single layer in the slime-bearing part. Walls of the chambers of 
the stalk 90-95, thick, with only 3-4 layers of cells; of the spore-bear- 
ing part 55-75p thick with 3-4 layers of cells. : 

The plants usually appear singly in woods or groves. 


Illustrations: Hard. Mushrooms, pl. 56 and fig. 453. 
James. Bull. Torr. Bot. Club 15: pl. 86. 1888. 
Lloyd. Syn. Known Phalloids, fig. 24 (as M. elegans). 
Lloyd. Mye. Notes No. 28: fig. 182 (as M. elegans). 
Morgan. 1. c¢., 11: pl. 3 (as M. bovinus). 1889. 
2421. In woods mold, Battle’s Park, July 24, 1916. Spores smooth, elliptie, 
2-2.8 x 4-7. 
5113. In rotting leaves, May 16, 1922. 
Asheville. Beardslee. 


ITHYPHALLUS 


Volva and stalk as in Mutinus, but the spore slime is borne on 
the outside of a thin, pendent, campanulate membrane or cap which 
is free from the stem except at the tip. Between this cap and the 
stalk above and between the volva and the stalk below another deli- 
eate. white membrane or veil is obvious (at least in I. Ravenelit). 
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PLATE 75 


MUTINUS CURTISII. No. 2421. 


No. 5113. 
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We are following Fischer and Atkinson in placing in this genus 
Phallus Ravenelii B. & C., a species closely related to the European 
I. impudicus but separated from it by the smooth surface of the cap. 
In addition to the former only one other American species is known, 
I. rubicundus (Bose) E. Fischer, and it has been reported from this 
state by Curtis. It should be looked for in the coastal plain and can 
readily be recognized by the red stalk, the other species being white 
stalked. 
For literature see under the family. 


Ithyphallus Ravenelii (B. & C.) E. Fischer 
Dictyophora Ravenelu (B. & C.) Burt 


Puatrs 77-79 


Stalks usually 10-16 em. high, tapering gradually upward or 
nearly equal, about 1.7-2.5 em. thick, springing from an ovate egg or 
volva, which is pinkish, tough, thick, wrinkled below and connected 
with the earth and with other eggs by purplish pink strands or roots 
which grow out from the base. The eggs are large and just before 
rupturing may reach a height of 5 em. and a thickness’of 3.5 em. The 
cap or pileus is conical and is attached around the raised white ring 
which terminates the stem. The upper part of the membranous veil 
is concealed beneath the cap while the lower half remains in the volva 
around the base of the stem. At times parts or rings of the veil may 
be torn loose in expanding and cling to the stalk so as to be visible 
beneath the cap. Surface of the cap minutely granular, not veined 
or honeyecombed, covered at first by the dark, bad-smelling slime of 
the diliquescent gleba. 

Spores (of No. 41a) smooth, elliptic, 1.2-1.8 x 3.7-4.4u. 

This interesting species is generally found growing in soil contain- 
ing rotten wood such as old wood piles and rotting trash piles and 
often appears in large numbers from one colony. 


Illustrations: Atkinson. 1. c. pl. 2; pl. 3, fig. 7; pl. 4, fig. 10; pl. 6, fig. 14. 
Hard. Mushrooms, figs. 447-449. 
Lloyd. Syn. Known Phalloids, figs. 7 and 8. ° 
Lloyd. Mye. Notes No. 28: fig. 168. 
Peck. Bull. Torr. Bot. Club. 9: pl. 25. 1882. 
Scofield. Minn. Bot. Survey 2: pls. 29-31. 1900. 
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41a. Chapel Hill. No other data. 
618. In pile of chips and trash in road, October 24, 1912. 
649. Same spot as No. 618, October 31, 1912. 


Asheville. Beardslee. 
DICTYOPHORA 


With the characters of Ithyphallus except that there is a large 
campanulate, veil-like, netted indusium that is attached to the stem 
tip under the cap and extends far below it. Atkinson has shown — 
(1. ¢.) that this indusium is a distinct organ and not homologous with 
the short, membranous veil of [thyphallus. The species here included 
is the only one known in the United States. 

For literature see under the family. 


Dictyophora duplicata (Bosc) E. Fischer 
Puates 80-83 é 


Our largest and most massive phalloid, arising from a large egg 
which is subspherieal, ovate or sometimes flattened, about 4-4.5 x 4.5-5 
em., when flattened up to 7 em. broad and 5 em. high, white and pli- 
cate below as in a peeled orange, the upper half smooth, pale flesh 
color to deep fleshy brown; in the center below is given off a large, 
fleshy root, and sometimes one or two smaller, more lateral ones. The 
expanded plant may reach a height of 17 em. with the fertile, pendent, 
apical cap about 5 em. long and broad, its outer surface strongly 
chambered by anastomosing plates, over which the brownish olive slime 
is spread. Between the cap and the stem, and hanging from the top, 
is a beautiful net-like veil (technically the indusium) of a light rosy 
pink color that extends below the cap for about 3-5 em., the perfor- 
ations being rather regular and about 1-2 mm. broad except towards 
the margin where they become much smaller. Stalk about 4.5 em. 
thick, nearly cylindrical, very hollow and with chambered walls; be- 
tween its base and the volva is a thick, brownish yellow slime which is 
separated from the stem by a thin membrane. The odor of the dark 
spore slime above is offensive but not nearly so much so as in the 
species of Mutinus, being weaker and not so distressingly fetid. 

Spores (of No. 5195) smooth, elliptic, 1.2-1.8 x 3.7-4.4p. 

Not rare in Chapel Hill, oceurring usually in a seattered colony 
of several in woods mold in deciduous woods. Dictyophora phalloides 
(Phallus indusiatus) is a closely related tropical species. 
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Illustrations: Atkinson. 1. ¢., figs. 6, 7, 11, 13, 16. 
Hard. Mushrooms, pl. 55. 
Lloyd. Syn. Known Phalloids, fig. 16. 
Murrill. Chart of Edible and Poisonous Mushrooms, fig. 34. 
Rau. Bot. Gaz. 8: pl. 4 (as Phallus togatus). 


836a. On lawn of president’s house, October 22, 1911. 

2286. On a ditch in woods, June 28, 1916. 

5195. In rich woods, June 20, 1922. 

5343. In deciduous woods near Forest Theater, July 8, 1922. Plant 12 em. long. 


Asheville. Beardslee. 
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PLATE 78 


ITHYPHALLUS RAVENELII. No. 649. 


PLATE 79 


ITHYPHALLUS RAVENELII. No. 618. 


Reduced. Largest plant 7%4 in. long. 
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No. 2286. 


Much reduced (actual length 18.5 em.). 


DICTYOPHORA DUPLICATA. 


No. 5343. 
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DICTYOPHORA DUPLICATA, ‘‘EGG.’’ No. 2286. 
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